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\ Introduction

The primary purpose of Phase 11 of Research and Development
Contract No. N00024-72-C-5500 was to prepare detailed preliminary
design drawings based on the concepts developed and approved in
Phase 1. Phase 11 also required the preparation and submittal of:)

- a Final Reliability Programq,
-7~a Final Maintainability Progr
--v a Failure Modes and Effects Selection Criteria Report,,
--,a Final Failure Modes and Effects Analysis,)
-- Ydetailed design calculations,__.)
--4various Engin ee r ing Studies nd Investigations.

Draftings, programs , plans, studies, investigations and reports
have been completed and submtted fulfilling all requirements of
Phase 11.
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Distribution

Copies of this Final Report for Phase I of R & D Contract
No. N00024-72-C-5500 were distributed by Kornylak Corporation
as follows:

Distributed to: Date Copies Reproducibles

Director May., 1977 20 0
Defense Documentation Center
Cameron Station
Alexandria, Virginia 22314
Attti: Code SL4200

Comander May, 1977 6 0
Naval Ship Engineering Center
Department of the Navy
Code 6164D
Washington, D. C. 20362
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Section 1

Transmittal Lo for Phase 1

The following pages comprize a chronological listing of all

significanz transmittals made by the Kornylak Corporation from
the start of Phase 1I through hay 12, 1977. Opposite the 'Descrip-
tion" of the transmittal are columns listing the "date of report",

"date of transmittal", ,to whom the transmittal was sent and appro-

priate remarks.
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Section III

Preliminarv Eneineerini Drawing List

A. Conoosit List

Shows which drawings apply to each of the three conveyors; shows

latest revision letter and date; shows date of transmittal to NAVSEC.

Stvyte "A" Conveyor -- 2-1026-DLA Rev'B

Shows drawing needed to build and assemble a Style "All Conveyor-top

front loading conveyor.

C. Stvle "B" Con vuor -- 2-1026-DLB Rev B

Shows drawings needed to build and assemble a Style "B" Conveyor-

top rear loading.

D. Stvle "C" Conveyor -- 2-1026-DLC Rev B

Shows drawings needed to build and assemble a Style "C" Conveyur-

recess leading.

Since all the drawings shown on these list have already been trans-

mitted to NAVSEC, and, since all the drawings are subject to further

revision until they become approved final drawings during Phase 111, the

Contractor has elected to save space and cost by not including the preli-

minary drawings in the report.
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CONVEYOR DRAWING NO. SHT, DRAWING TITLE REV. SUB. TO PRINT

TYPE DATE NAVSEC; SIZE

A 2-1026 REV.

X P21 FA 1 GENERAL ARRANGEMENT "77 E

X P21 F 1 GENERAL ARRANGEMENT 4-4-77 E
X P21 FC 1 GENERAL ARRANGEMENT 44-77 E

X X 347F I of 2 ELECTRICAL CONTROLS 4-12.77 E
X X X 2 of 2 ELECTRICAL CONTROLS 4-12.77 E

X X X P-3.AF I CROSS SECTION 4-6.77 E
X 71F 1of 3 .TRUNK ASSEMBLY 44-77 E
X 2of 3 .TRUNKASSEMBLY 4-4-77 E
X 3of 3 .TRUNK ASSEMBLY 4-4-77 E

X 157F 1 of 2 .TRUNK ASSEMBLY 44.77 E
X 2of 2 .TRUNKASSEMBLY .4.77 E

X 158F 1 of 2 .TRUNK ASSEMBLY 44-77 E
X 2 of 2 iTRUNK ASSEMBLY :77 E

X X 97F 8 1 . .H EAD FRAME 6.7-76 11-3.75 E
X 159F 1 ..HEAD FRAME "477 E
X 160F 1 ... SPREADER 3-29-77 B

X X X S8F A 1 .INTERMEDIATE FRAME 8-16-76 11.3.75 E
X X X 10OF A 1 .. LOWER FRAME 8-13-76 11-3-75 E
X X X 85F A 1 .. .DOUBLE CROSS BAR 8.9-76 11-3-75 C
X X X 101F A 1 ... SIDE SHIELD LEFTHAND 7.29.76 11.3-75 C
X X X 102F A 1 ... SIOE SHIELD RIGHT HAND 7.30-76 11-3-75 C
X X X 114F A 1 .. SHIELD SUPPORT 7.30-76 11.3.75 B
X X X 301 F 1 .. TRACK ANGLE 3-29-77 a
X X X 30OF I .. TRACK LOWER FRAME 3.29-77 8
X X X 307F I .. TRACK LOWER FRAME 3-29-77 a
X X X 308F I .. TRACK LOWER FRAME 3-29-77 a

X X X 309F 1 ... TRACK LOWER FRAME 3.29.77 B
X X X 310F 1 .. TRACK LOWER FRAME 3.29.77 B
X X X 311F 1 ... TRACK LOWER FRAME 3.29-77 B
X X X 312F 1 ... TRACK LOWER FRAME 3-29-77 8
X X X 314F 1 ... TRACK LOWER FRAME 3.29-77 8
X X X 336F i ... TRACK TIE PLATE 3-29-77 A
X X X 337F 1 ... TRACK TIE PLATE 3.29-77 A
X X X 338F 1 .. .JOINT BLOCK 3.29-77 a
X X X 339F 1 ... SUPPORT BLOCK 3-29-77 a
X X X 304F 1 ...LEFT HAND CHANNEL SUPPORT 3.29.77 a
X X X 305F I ... RIGHT HAND CHANNEL SUPPORT 3.29.77 3
X X X 302F 1 ... JOINT BLOCK 3-29.77 8
X X X 303F 1 ... SUPPORT BLOCK 3.29.77 S
X X X 107F A 1 ...SIDE SHIELD. LOWER LEFT HAND 9.16-76 11.3.75 C
X X X 108F A 1 ...SIDE SHIELD. LOWER RIGHT HAND 19-1-76 113.75 C
X X X 106F A 1 -...SINGLECROSS BAR 7.29-76 11.3-75 C

I
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CONVEYOR DRAWING NO. SHT DRAWING TITLE REV. sU. TO PRINT
TYPE DATE iNAVSEC SIZE

_A. . 21026 REV.

X X X 147F 1 .LUBRICATION ACCESS HEAD END 11-3-75 E

X X X 118F 1 . .DOOR FRAME. INTERMEDIATE SQ. CORNER 11-3-75 E
X X 11SF 1 .. DOOR FRAME, INTERMEDIATE ROUND CORNER 11-3-75 E
X X X 148F 1 . .DOOR FRAME, LOWER 11-3.75 E
X X X 120F 1 ... SIDE PLATE 11-3-75 B

X X 121F I ... CORNER PLATE 11.3-75 B
X X 122F 1 ... SIDE PLATE 11.3-75 8

X X X 138F 1 ... BOTTOM PLATE 11-3-75 B
X X X 13SF 1 ... TOP PLATE 11-3-75 B
X XX 142F 1 ... TOP PLATE 11B3-75
X X 144F 1 ... BOTTOM PLATE 11.3.75 B

X X X 104F A 1 of 3 .SHIELD ASSEMBLY 8.16.76 11.3-75 E
K X X A 2o 13 .SHIELD ASSEMBLY 8-16.76 11-3-75 E
K X X A 3of 3 .SHIELD ASSEMBLY 8-16-76 11-3-75 E
X X X 77F 1 ...INTERMEDIATE REAR SHIELD 11-3-75 E
X X X 81F A 1 .. HEAD REAR SHIELD 9.27.76 11.3-75 E
X X X 82F A 1 .. HEAD SIDE SHIELD 9.20-76 11-3-75 C
X X X 83F A 1 ..FRONT SHIELD EXTENSION 7-29-76 11.3-75 C
X X X 89F 1 .. FILLER REAR SHIELD 113.75 s
X X X 105F A 1 . .LOWER FRONTSHIELD 7-29-76 11.3.75 C
X X X 10SF A 1 .. LOWER RAR SHIELD 8-10-76 11.3.75 E
X X X 111F A 1 .. SIDE SHIELD TAIL EXTENSION 7.29-76 11.3.75 I C
X X X 112F 1 .. LOWER REAR SHIELD 11.3.75 E
X X X 113F A 1 .. INTERMEDIATE FRONT SHIELD 7.3076 11.3-75 C
X X X 115F A 1 .. FILLER FRONT SHIELD 7.29-76 11.3-75 C
X X X 140F A 1 .. INTERMEDIATE FRONT SHIELD 7-29-76 11.3-75 C
X X X 146F A 1 . .LOWER FRONT SHIELD 7-29-76 11-3-75 C
X X X 316F 1 . .ANGLE CLIP 4.6-77 A
X X X 317F 1 ..CLIP 4.6-77 B

X X X P25 F B 1 .HEAD UNIT ASSEMBLY 6.7-76 9-26-75 EX X X 1P24 F A 1 . .HEAD SHAFT 9-20-76 9-26-75 • C
X XX P23 FA A 1 .. HEAD CAM PLATE LEFT HAND 5.14-76 9-26-75 E
X X X P23 FB A 1 .. HEAD CAM PLATE RIGHT HAND 5.13-78 9.26-75 S
X X X 87F A 1 .BEARING HOUSING, HEAD SHAFT 6-7-76 9.2675 5
SX 88F A 1 .. HEAD CARRIER SPROCKET 51476 9-26-75 C

X X 116F A I .. LUBRICATION MOUNTING ASSEMBLY 6.15-76 9-26-75 C

X X1 P22 F I A 1 TAIL UNIT ASSEMBLY 6-10-78 95-75 E
X X X PSA I A I .. TAIL CAM PLATE. RIGHT HAND 5-17.76 9-5-75 1
X X X 1 P8 3 A 1 . .TAIL CAM PLATE. LEFT HAND 62.76 9.5-75

X XX 72 F A 1 ..SPRING RETAINER 5-11.76 1 9.5.75 A
X X 73 F A 1 .. SPRING SPACER 5.12-76 .=.7S5

I !



CONVEYOR DRAWING NO. SHTS.1 DRAWING TITLE REAV. NSECOPRN

- I

AT 8 2-1026 REV. ,_ _ _ _ _ _ _ _ _ _ _.

X X X 75 F A 8USHING S11.76 9.5.75 A
X X X 78 F I .ADJUSTING ROD, CAM PLATE 9.5-75
X X X 90 F A 1 ..TRACK RIGHT FRONT 5-14-76 9-5-75 B
X X X 91 F A 1 -TRACK RIGHT REAR :;-14-76 9.5-75 C
X X X 92 F A 1 ..TRACK LEFT FRONT 5.14-76 9-5-75 C
X X X 93 F A 1 ..TRACK LEFT REAR 5-11.76 9-5.75 C
X X X 94 F A 1 .BEARING RETAINER 5.11.76 9-5-75 B
X X X 95 F A 1 ..TAIL CARRIER SPROCKET 5.1476 9-5-75 C
X X X 96 F A 1 .. END CAP 5.13-76 9-5-75 A
X X X 103 F A 1 .BUSHING 5.13.76 9.5.75 A
X X X 318 F 1 .SPRING 3-29.77 A

X X A20 F A .CARRIER ASSEMBLY 5-14-76 6-27-75 E
X X X P26 C 1 .. CARRIER 2.28-77 6.27-75 D

X X P27 1 .. GUIDE ARM 5.10-76 -27-75 C
X X X P28 C 1 ..CARRIER SHAFT 5-10-76 6.27.75 C
X X X 41 F B 1 ..CARRIER CHAIN 2 -23.77 6.27-75 C
X X X 43 F A 1 .BUSHING 513.76 6-27-75 A
X X X 48 F A 1 . .CARRiER LINK OUTER ASSEMBLY 5.13.76 V&--.75 B
SX X 44 F 1 ... CARRIER LINK OUTER PLATE 5-13-76 6-27-75 B

X X X 46 F A 1 .. CAM FOLLOWER 5-17-76 .27-75 B
X X X 47 F A 1 .. CAP 5.13.76 6-27.75 A
X X X 49 F A 1 .CARRIER LINK INNER ASSEMBLY 5-12-76 -27-75 B
X X X 45 F A 1 .CARRIER LINK INNER PLATE 5.12-76 6-27-75 B
X X X 164 F A 1 .. CAM FOLLOWER 5-12-76 4-6-77 B
X X X 162 F A 1 .. CHAIN PIN 2-24-77 4.6-77 A

X X X P10 F E .of 2 LOADER-UN LOADER ASSEMBLY 5.18576 7-18-75 E
X X X E 2 .f2 LOADER-UN LOADER ASSEMBLY 5-87-718-75 E

X X X 150 F A 1 .LOADER-UN LOADER ASSEMBLY 927611-3-75 E

X X X 51 F A 1 ..PLATFORM 8.10-76 7.18-75 E
X X X 149 F 1 .. PLATFORM 11.3-75 E
X X X 53 F A 1 . .UNLOADER BRACKET LEFT HAND 5.11-76 7-18-75 C
X X X 52 F A 1 . .UNLOADER BRACKET RIGHT HAND 6.25-76 7-18-75 C
X X X 55 F A 1 .. CLEVIS ARM 5.11-76 7-18-75 B
X X X 56 F A 1 .. CLEVIS 5.11.76 7.18-7E A
X X X 57 F A 1 .. CLEVIS PIN 5.11.76 7.18-75 A
X X X 58 F A 1 ..SPRING ROD &l11.76 7-18-75 A
X X X 59 F A 1 .. CONNECTING ARM 5.11-76 7-18-75 B
X X X 60 F A 1 .. PIVOT BLOCK 5-12-76 7-18.75 B
X X X 61 F A 1 .. SHIFTER ARM 5.13.76 7.18-75 C
X X X 62 F A 1 ..GUIDE SHAFT 5.6.76 7.18-75 B
X X X 63 F A 1 ..GUIDE PLATE 5.8.76 7-18-75 B
X X X 64 F A 1 . .PIVOT STUD 5-11-76 7.18.75 A
X X X 65 F 1 ..SPLIT COUPLING 7-18-75 B

I I3-



CONVEYOR DRAWING NO. SHTS. DRAWING TITLE REV. SUB. TO PRINT

TYPE DATE NAV~fCf SIZE

A B C 2-1026 REV.

X X X 76 F 1 .SPRING 3.29-77 B
X X X 145 F I ..SLEEVE BEARING 3-29-77 A
X X X 54 F A 1 ..CROSSSHAFT 5-11-76 7-18.75 B

X X X 161 F 1 .THRUST BEARING 3-29-77 A
X X X 165 F 1 .THRUST BEARING 3.29.77 A
X X X 132 F 1 .FLANGED BUSHING 3-29-77 A
X X X 300 F 1 ..BALL HANDLE 3.29-77 A

X 66 F A 1 .TOP FRONT LOADER-UNLOADER 5.14-76 7-18-75 E
X 67 F A 1 ..ROLLER ASSEMBLY 5-14-76 7-18-75 C
X 68F A 1 ..LOAD 1AR 5.11-76 7-18-75 B
X 69 F A 1 .. BRACKET 511-76 7-18-75 B
X 70 F A 1 .. MOUNTING CLIP 511-76 7-18.75 B

X 151 F 1 .TOP REAR LOADER-UNLOADER ASSEMBLY 3-29-77 E
X 152 F 1 . .TOP REAR LOADER-UNLOADER 3-29-77 E
X 153 F 1 . .MOUNTING BRACKET 3.29-77 6
X 154 F 1 ..LOAD BAR 3-29-77 B

X 158 F 1 .OVERTRAVEL LIMIT ASSEMBLY 3.29-77 E
X 166 F A 1 .OVERTRAVEL LIMIT ASSEMBLY 5-12-76 3.29-77 E

X 180 F A 1 .OVERTRAVEL LIMIT ASSEMBLY 5-11-76 3-29-77 E
X X 167 F 1 .PLATFORM 3-29-77 C

X 181 F 1 .PLATFORM 3-29-77 C
X 169 F 1 .PLATFORM MOUNTING BRACKET 329-77 A
X 170 F 1 .CONTROL ARM ASSEMBLY 3.29-77 B
X 171 F 1 .. LIMIT SWITCH BRACKET 329-77 C
X 172 F 1 ..GUIDE PLATE 3.29-77 AX 173 F 1 ..DOOR ARM 3.29-77 B

X 168 F I .SPRING BRACKET ASSEMBLY 329-77 C
X 183 F 1 .. REACH ARM ASSEMBLY 3.29-77 B
X 184 F 1 .CONTROLSHAFT 3-29-77 6
X 185 F 1 ..DEFLECTOR 3-29-77 B

289 F 1 .MOUNTING BRACKET 3-29-77 B
X X X 290 F 1 .SPRING ROD 3.29-77 B
X X X 291 F 1 ..YOKE 3-29.77 
xC X X 292 F 1 ..PIVOT 3.29-77 jA
X X X 293 F I ..CHANNEL 3-29-77 A
X X X 295 F 1 .MOUNTING BRACKET 3.29-77 A
X X X 296 F 1 .BASE PLATE 3.29-77 8
X X X 297 F .MOUNTING PLATE 3-29-77 a
X X X 29S F 1 .. CONTROL ARM GUIDE PLATE 3.29-77 A
X 319 F 1 -THRUST BEARING 3-29-77 A
X X X 320 F 1 -SPRING 3-29-77 A

Ii I
' I I



CONVEYOR DRAWING NO. SHTS. DRAWING TITLE REV. SUB. TO PRINT
TYPEi DATE NAVSEC SIZE

r L IrII I|

AC 2-1026 REV.

XX P37 F 1 .VERTICAL BACK MOUNTED 10 HP. DRIVE 3-29.77 E
X X 200 F 1 .HORIZONTAL RH AND LH SIDE 10 HP. DRIVE 4-&77 E

X X X ...MOTOR Commercial
X .. BRAKE Commercial
X . .REDUCER Commercial

xX X 124 F 1 .DRIVE BASE 3-29-77 E
XX 125 F 1 .JACK SHAFT 3-29-77 B

X X 120 F 1 ..COUPLING 3-29-77 B
X 127 F .. PILLOW BLOCK 3-29.77 C
X 128 F .REDUCER DRIVE SPROCKET 4-6-77 B
X X 188 F 1 ..CHAIN GUARD 3.29.77 E
X X 132 F 1 ..TORQUE LIMITER GUARD 3.29-77 B
X X 133 F 1 .. BRAKE ADAPTER PLATE 3.29-77 C
X X 134 F 1 .. HEAD SHAFT SPACER 3.29-77 B
X X 135 F 1 .. HEAD SHAFT END CAP 3.29-77 8
X X 136 F 1 .. JACK SHAFT SPACER 3.29-77 A
X X 137 F 1 .. JACK SHAFT END CAP 3-29-77 A
X X 334 F 1 .. MOTOR AHAFT ADAPTOR 4-677 B
X X 335 F 1 . .REDUCER SHAFT ADAPTOR 4-6.77 B
X X 129 F 1 . .HEAD SHAFT DRIVE SPROCKET 3.29-77 E
X X 323 F 1 ... ADJUSTING LUG 3.29-77 B
X X 324 F 1 ... ADJUSTING LUG 3-29-77 B
X X 325 F 1 ... ADJUSTING BRACKET 3-29.77 B
X X 326 F 1 ... HUB 3.29-77 B
X X 327 F A 1 ... SPROCKET BASE 4.1-77 3-29-77 B
X X 328 F 1 ... WASHER 3.29-77 B
X X 329 F 1 ... SPROCKET 3.29.77 C
X X X 321 F 1 ..TORQUE LIMITER ASSEMBLY 4-6-77 C
X X 130 F 1 .. CHAIN TAKE-UP 3.29.77 B
X X 330 F 1 .. .TAKE-UP BRACKET 3.29.77 C
X X 331 F 1 ... TAKE-UP SLIDE 3.29-77 B
X X 332 F 1 ... IDLER SPROCKET 3.29-77 B
x X 333 F 1 .. PILLOW BLOCK BURN-OUT 3.29.77 B

x X X 189 F 1 .. DRIVE BASE 4-677 E
X X 193 F 1 .. ADJUSTING PLATE 4.677 C
X X X 191 F 1 .. JACK SHAFT 4.6-77 C
x X X 259 F 1 ..JACK SHAFT DRIVE SPROCKET 4-6-77 B
X X X 260 F I ..JACK SHAFT DRIVEN SPROCKET 4.6-77 B
X X X 197 F 1 ..PILLOW BLOCK 4-677 C
x X X 348 F 1 ..PILLOW BLOCK BURN OUT 4.6-77 C
X X X 350 F 1 ..JACK SHAFT END CAP 4-6-77 1 B
X X X 351 F 1 .. jACK SHAFT SPACER 4.6-77 B

ii I

I I I 4-



CONVEYOR DRAWING NO. SHTS. DRAWING TITLE REV. SUB. TO PRINT
TYPE DATE NAVSEC SIZE

7s' 2 2-1026 REV.-
- ,,,-

X X x 352 F 1 .JACK SHAFT SPACER 4-6-77 B

X X X 349 F 1 .REDUCER 4-6-77 8

X X X 354 F 1 .. HEAD SHAFT DRIVE SPROCKET 4-77 E
x x X 357 F ... HUB 4-77 8
X X X 356 F 1 ... SPROCKET BASE 4..-77 B
X X x 35 F 1 ... SPROCKET 4.6-77 C
X X X 353 F 1 ..ADJUSTING SCREW 4-6-77 B
X X X 198 F 1 .. CHAIN GUARD, UPPER 4477
X X X 358 F 1 .. CHAIN GUARD, LOWER 4477 E
X X X 359 F 1 ..PILLOW BLOCK SPACER 4-6-77 C
X X X 360 F 1 .. CHAIN TAKE UP 46-77 C
X X K 361 F 1 ... TAKE.UP BRACKET 48477 C
X X K 362 F I ... TAKE.UPSLIDE 4.-77 8
X x X 363 F 1 .. .IDLER TAKE-UP SPROCKET 4-4.77 8
X X K 340 F I .. LIMIT SWITCH ASSEMBLY 4-8-77 C
X X X 369 F 1 .. .MOUNTING BRACKET 4-4-77 B
X X X 384 F 1 ... BRACKET 4.6-77 a
X X X 365 F 1 ... SWITCH ACTUATOR 4677 A
X X K 366 F 1 ... MOUNTING PLATE 4477 A
X X X 387 F 1 ... STUDOBOLT 44--77 A
X X x 368 F 1 ... SPACER 4-77 A

X X X 50 F A 1 .JAM LIMIT ASSEMBLY 5-20-76 3.29-77 E
X X X 174 F 1 .. MOUNTING BLOCK 3-29-77 A
X X K 175 F 1 .. MOUNTING BLOCK 3-29-77 A
X X X 176 F 1 .. CABLE GUIDE ASSEMBLY 3.29-77 C
X X x 177 F 1 .COUNTERWEIGHT 3.29-77 B
X X x 178 F 1 .. CABLE ASSEMBLY 3.29-77 A
X X x 179 F 1 .COUNTERWEIGHT BRACKET ASSEMBLY 3-29-77 C
X X x 228 F 1 ..CABLE BRACKET 3-29-77 A

X X x 141 F 1 . .CLEANOUTCOVER 11-3-75 C
X X x 143 F 1 .. PACKAGE GUARD 11-3-75 C
X X x 190 F 1 .. SERIAL PLATE 4-6-77 B
X X x 270 F 1 . .LUSE CHART 4-11-77 C
X X X 284 F 1 ..CONTROL STATION 4.11-77 E
X X X 273 F 1 ... MOUNTING PLATE 4-11-77 8
X X X 274 F 1 ... LOCK-OUT COVER 4-11-77 C
X X X 286 F 1 ... HINGED COVER 4.11-77 C
X X X 277 F 1 .. MOUNTING CLIP 4.11-77 A

278 F 1 .. LOCK PLATE 4.11-77 B
X X X 287 F 1 I . . INSTRUCTION CHART INTERMEDIATE STATION 411-77 C
X X X 299 F 1 . .WARNING PLATE 411-77 8

272 F 1 ... HINGED PLATE 411-77 B
X X X 275 F 1 ... INSTRUCTION CHARTMASTER STATION 4-11-77 C

276 F ... SPACER 4-11-77 A
X X X 279 F ... INSTRUCTION CHART MACHINE CONTROL STA. 411-77

I
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L

mCODOE

IDENT. NO. DWG. NO. REV. DWG. TITLE I CATEGORY

2-1026

P21FA General Arrangement Drawing A,B,C,G
Top Front Loading Style A

347F (1 A 2) Electrical Controls
347F (2 )f 2) Electrical Controls G

P3-AF Cross Section A

71F (1 of 3) .Trunk Assembly A,B
71F (2 o 3) .Trunk Assembly A,B
71F (3 o 3) .Trunk Assembly A,B

97F 3 ..Head Frame F

98F A ..Intermediate Frame F

99F B ..Tail Frame F

10OF A ..Lower Frame F

101F A ...Side Shield LH F

102F A ...Side Shield RH F

114F A ...Shield Support F

106F A ...Single Cross Bar F

1071 A ...Side Shield LI1

108F A ...Side Shield RH F

301F ...Track Angle F

306F ... Track Lower Frame F

307F ...Track Lower Frame F

308P ...Track Lower Frame F

309F ...Track Lower Frame F

310F ...Track Lower Frame F

311F ...Track Lower Frame F
5is . , D O U BSLE 12R () S B A K1, F-

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 -0 Z .C)LA

.SHEET a.
Forn No. 7.8



CODE
IDENT, NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

312F ...Track Lower Frame F

314F ...Track Lower Frame F

336F ...Track Tie Plate F

337F ...Track Tie Plate F

338F ...Joint Block F

339F ...Support Block F

304F ...LH Channel Support F

305F ...RH Channel Support F

302F ...Joint Block F

303F ...Support Block F

74F A ...Rod Holder F

147F .Lubrication Access Head End H

SIZE 70,,:lt IDENT. NO. DWG. NO. REV.

A 7686 - 2O LA

,SHEET .

Form No. 177 .



.j COD __ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

104F A .Shield Assembly A,B,GA
83F A ..Front Shield Ext. F

!13F A ..Int. Front Shield F

140F A ..Int. Front Shield F

105F A ..Lower Front Shield F

81F A ..Head Rear Shield F

77F ..Int. Rear Shield F

89F ..Filler Rear Shield F

109F A ..Lower Rear Shield F

112F ..Lower Rear Shield F

11F A ..Side Shield Tail Ext. F

146F A ..Lower Front Shield F

82F A ..Head Side Shield F

115F A ..Filler Front Shield F

316F ..Angle Clip F

317F ..Clip F

SIZE CODE IDENT. NO. DWG. NO. REV.
A 07586 c-iO2 CLA C.

____ ___ ____._ _.SHEET 4
jFrm o. 177.8



CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

117F ..Door Frame Upper F

118F ..Door Frame Inter. Square Corner F

119F ..Door Frame Inter. Round Corner F

148F ..Door Frame Lower F

120F ...Side Plate F

121F ...Corner Plate F

122F ...Side Plate F

138F ...Bottom Plate F

139F ...Top Plate F

142F ...Top Plate F

144F ...Bottom Plate F

P25F B .Head Unit Assembly A,B
P23FA ..Head Cam Plate LH F

P23FB A ..Head Cam Plate RH F

P24F A ..Head Shaft F

87F A ..Bearing Housing (Head Shaft) F

88F A ..Carrier Sprocket (Head) F

116F A ..Lubrication Mounting Assembly H

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 Z- I 0-GD LA B

SHEET .S
Form N. 1774



CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

P22F A .Tail Unit Assembly A,B

P8A A ..Tail Cam Plate RH F

P8B A ..Tail Cam Plate LH F

72F A ..Spring Retainer F

73F A ..Spring Spacer F

75F A ..Bushing F

78F ..Adj. Rod F

90F A ..Track Right Rear F

91F A ..Track Right Rear F

92F A ..Track Lift Front F

93F A ..Track Lift Rear F

94F A ..Bearing Retainer F

95F A ..Tail Sprocket F

96F A ..End Cap F

103F A ..Bushing F

318F ..Spring F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 a-cLA C

F SHEET



CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

P20F A.Carrier Assembly A,G,H

P26 ..Carrier F

P27 A ..Guide Arm F

P28 ..Carrier Shaft F

41F ..Chain Drawing F

162F - ...Chain Pin F

49F A ..Carrier Link Inner Assembly F

45F A ...Carrier Link Inner F

43F A ...Bushing F

46F A ..Cam Follower F

164F A ..Cam Follower Flanged F

47F A4 ..Cap F

163F A ..Spacer F

48F A ..Carrier Link - Outer Assembly F

44F A ...Carrier Link - Outer F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 -/o?G DLA

SSHEET 7
Form No. 1,7-8



CODEIDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

PlOF (1 f 2) .Loader Unloader Assembly A,B
PlOF (2 )f 2) .Loader Unloader Assembly A,B

P150F A .Loader Unloader Assembly A,B

51F A ..Platform F

149F ..Platform F

52F A ..Bracket Assembly RH F

182F ...Flanged Bushing F

53F A ..Bracket Assembly LH F

182F ...Flanged Bushing F

54F A ..Cross Shaft F

55F A ..Clevis Arm F

56F A ..Clevis F

57F A ..Clevis Pin F

58F A ..Spring Rod F

59F A ..Connecting Arm F

60F A ..Pivot Block F

61F A ..Shifter Arm F

62F A ..Guide Shaft F

63F A ..Guide Plate F

64F A ..Pivct Stud F

65F ..Split Coupling F

76F ..Spring F

145F ..Sleeve Bearing F

161F ..Thrust Bearing F

165F ..Thrust Bearing F

300F ..Ball Handle F
SIZE CODE II)ENT. NO. DWG. NO. REV.

A 07586 Z- / , 2 LA

I SHEET 8
Form No. 177-8



CODE DWG. NO. REV. DWG. TITLE CATEGORY

IDENT. NO. __ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _2-1026

66F A .Top Front Loader Unloader A,B

69F ..Bracket RH & LH F

70F ..Mounting Clip F

67F A ..Roller Assembly F

68F A ..Load Bar F

166F A .Top Overtravel Limit Assembly A,B

167F ..Platform F

168F ..Spring Bracket Assembly F

289F ... Mounting Bracket F

290F ...Spring Rod F

291F ...Yoke F

292F ... Pivot F

293F ...Channel F

295F ..Mounting Bracket F

170F ..Control Arm F

171F ..Limit Switch Bracket F

296F ...Base Plate F

297F ... Mounting Plate F

298F ...Control Arm Guide Plate F

172F ..Guide Plate F

173F ..Door Arm r

320F ..Spring F

319F ..Thrust Bearing F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 2-/0 ?G DLA C

_SHEET f)

Form No. 177.8 hi



CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

50F A .Jam Limit Assembly A,B

174F ..Mounting Block Top F

175F ..Mounting Block F

176F ..Cable Guide Assembly F

177F ..Counterweight F

178F ..Cable Assembly F

2?8F ...Cable Bracket F

179F ..Counterweight Bracket Assembly F

P37F .Vertical Back Mounted 10 HP Drive G,H

200F .Horizontal RH & LH Side 10 HP Drive G,H

10 HP ..Motor F
FR 286T

J80001 ..Brake F

HU-47797)-FM ..Reducer F

124F ..Drive Base F

125F ..Jack Shaft F

126F ..Coupling F

127F ..Pillow Block F

128F ..Reducer Drive Sprocket F

188F ..Chain Guard F

132F ..Torque Limiter Guard F

133F ..Brake Adapter Plate F

134F ..Head Shaft Spacer F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 2- /OZCoDLA C

SHEET I C
Form No. 177.8



CODE

IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

135F ..Head Shaft End Cap F

136F ..Jack Shaft Spacer F

137F ..Jack Shaft End Cap F

334F ..Motor Shaft Adaptor FJ

335F ..Reducer Shaft Adaptor F

129F ..Head Shaft Drive Sprocket F

323F ...Adjusting Lug F

324F ...Adjusting Lug F

325F ...Adjusting Bracket F

326F ...Hub F

327F A ...Sprocket Base F

328F ...Washer F

329F ..,Sprocket F

321F ..Torque Limiter Assembly F

130F ..Chain Take-Up F

330F ...Take-Up Bracket F

331F ...Take-Up Slide F

332F ...Idler Sprocket F

333F ..Pillow Block Burn-Out F

189F ..Drive Base F

193F ..Adjusting Plate F

191F ..Jack Shaft F

259F ..Jack Shaft Drive Sprocket F

260F ..Jack Shaft Driven Sprocket F

SIZE CODE IDENT NO. DWG NO. REV.

A 07586 2 -In, 2G DLA

_ _ _ _SHEET

Pe.. I m N 7775



CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

197F ..Pillow Block F

348F ..Pillow Block Burn-Out F

350F ..Jack Shaft End Cap F

351F ..Jack Shaft Spacer F

352F ..Jack Shaft Spacer F

349F ..Reducer F

354F ..Head Shaft Drive Sprocket F

357F ...Hub F

356F ...Sprocket Base F

355F ...Sprocket F

353F ..Adjusting Screw F

198F ..Chain Guard, Upper F

358P ..Chain Guard, Lower F

359F ..Pillow Block Spacer F

360F I .Chain Take-Up F

361F ...Take-Up Bracket F

362F ...Take-Up Slide F

363F ... Idler Take-Up Sprocket F

340r ..Limit Switch Assembly F"

369F ...Mounting Bracket F

364F ...Bracket F

365F ...Switch Actuator F

366F .. .Mounting Plate F

367F ...Stud Bolt F

3(8F I ...Spacer F

SI7E CODE IDENT. NO. DWG. NO. REV.

A 07586 DLA

_ _ _ _ _ _SHEET,

form No. W-8 -



CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

141F ..Cleanout Cover F,G

143F ..Package Guard F

190F ..Serial Plate D

270F ..Lube Chart H

284F ..Control Station B,G

273F I ...Mounting Plate F

274F ...Lock-Out Cover F

286F ...Hinged Cover F

277F ..Mounting Clip F

278F ... Lock Plate F

287F ) ...Instruction Chart Intermediate D

I Station

299F ..Warning Plate D

272F .. .Hinged Plate F

275F .Instruction Chart Master Station D

276F ... Spacer F

279F ...Instruction Chart Machine Control D

-Station

805-1400066 Door Watertight F,H

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 0-/O. 6 DLA

SHEET 13

Form AWo 1177
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CODEIDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

P21FB General Arrangement Drawing A,B,C,G

Top Rear Loading Style B

347F (1 ol 2) Electrical Controls G
347F (2 oE 2) Electrical Controls G

P3-AF Cross Section A

157F (1 oE 2) .Trunk Assembly A,B
157F (2 oF 2) .Trunk Assembly A,B

97F ..Head Frame F

98F A ..Intermediate Frame F

99F B ..Tail Frame F

10OF A ..Lower Frame F

101F A ...Side Shield LH F

102F A ...Side Shield RH F

114F A ...Shield Support F

106F A ...Single Cross Bar F

107F A ...Side Shield LH F

108F A ...Side Shield RH F

301F ...Track Angle F

306F ...Track Lower Frame F

307F ... Track Lower Frame F

308F ...Track Lower Frame F

309F ... Track Lower Frame F

310F ...Track Lower Frame F

311F ... Track Lower Frame F

85F . , DoU L 5 L ROc , 5, , F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 .-/0 ?_ G D LB 13

SN1SHEET ao i No. 1778"'''



CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

312F ...Track Lower Frame F

314F ...Track Lower Frame F
336F ...Track Tie Plate F

337F ...Track Tie Plate F

338F ...Joint Block F

339F ... Support Block F

304F ...LH Channel Support F

305F ...RH Channel Support F

302F ...Joint Block F

303F ...Support Block F

74F A ...Rod Holder F

147F Lubrication Access Head End H

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 /G-- 6) , DL 8

"r _ .. . _... _,. . .... _ . __ - .. .SH EET 3
Form ft.17.



CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

104F A .Shield Assembly A,B

83F ..Front Shield Ext. F

113F A ..Int. Front Shield F

140F A ..Int. Front Shield F

105F A ..Lower Front Shield F

81F A ..Head Rear Shield F

77F k ..Int. Rear Shield F

89F ..Filler Rear Shield F

109F A ..Lower Rear Shield F

112F ..Lower Rear Shield F

111F A ..Side Shield Tail Ext. F

146F A ..Lower Front Shield F

82F A ..Head Side Shield F

115F A ..Filler Front Shield F

316F ..Angle Clip F

317F ..Clip F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 -/02Co DLB

........__ _ _ _ _ _SHEET 4.
FWrn Aft 174



I!

~CODE
CDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

117F ..Door Frame Upper F

118F ..Door Frame Inter. Square Corner F

119F ..Door Frame Inter. Round Corner F

14S9F ..Door Frame Lower F

120F ...Side Plate F

121F ...Corner Plate F

122F ...Side Plate F

138F ...Bottom Plate F

139F ...Top Plate F

142F ...Top Plate F

144F ...Bottom Plate F

P25F B .Head Unit Assembly A,B

P23FA A ..Head Cam Plate LH F

P23FB A ..Head Cam Plate RH F

P24F A ..Head Shaft F

87F A ..Bearing Housing (Head Shaft) F

88F A ..Carrier Sprocket (Head) F

116F A ..Lubrication Mounting Assembly H

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 2- -10 2 Ga DL 3 B

SHEET ,17



CODE 1
ICDENT NO DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

P22F A .Tail Unit Assembly A,B

P8A A ..Tail Cam Plate RH F

P8B A ..Tail Cam Plate LH F

72F A ..Spring Retainer F

73F A ..Spring Spacer F

75F A ..Bushing F

78F ..Adj. Rod F

90F A ..Track Right Rear F

91F A ..Track Right Rear F

92F A ..Track Lift Front F

93F A ..Track Lift Rear F

94F A ..Bearing Retainer F

95F A ..Tail Sprocket F

96F A ..End Cap F

103F A ..Bushing F

318F ..Spring F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 Z- 102G DLB

L SHEET (

Pom AALt 1774 A



CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

P20F A .Carrier Assembly A,G,H

P26 ..Carrier F

P27 A ..Guide Arm F

P28 ..Carrier Shaft F

41F B ..Chain Drawing F

162F A ...Chain Pin F I

49F A ..Carrier Link Inner Assembly F I
45F A ...Carrier Link Inner F _

43F A ...Bushing F o

46F A ..Cam Follower F

164F A ..Cam Follower Flanged F

47r A ..Cap F

163F A ..Spacer F

48F A ..Carrier Link - Outer Assembly F
AI

44F A ...Carrier Link - Outer F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 -/O Z DL 8 B

- i P..JSHEET 7



CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

P10F (1 o- 2)E .Loader Unloader Assembly F

PIOF (2 o: 2)() •Loader Unloader Assembly F

PI50F A .Loader Unloader Assembly F

51F A ..Platform F

149F ..Platform F

52F A Bracket Assembly RH F

182F ...Flanged Bushing F

53F A ..Bracket Assembly LH F

182F ...Flanged Bushing F

51 A ..Clevis Arm F

56F A ..Clevis F

57F A ..Clevis Pin F

58F A ..Spring Rod F

59F A ..Connecting Arm F

6SF A ..Pivot Block F

61F A ..Shifter Arm F

62F A ..Guide Shaft F

63F A ..Guide Plate F

64F A ..Pivot Stud F

65F ..Split Coupling F

76F ..Spring F

145F ..Sleeve Bearing F

161F A ..Thrust Bearing F

165F ..Thrust Bearing F

300F ..Ball Handle F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 Z---o DL

SHEET 8'i

%,. ' Form N.t .,v ..



ii

CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2- 102 6

151F .Top Rear Loader Unloader Assembly A,B

152F ..Top Loader Unloader F

153F ..Mounting Bracket F

154F ..Load Bar F

50F A .Jam Limit Assembly AB

174F ..Mounting Block Top FI

175F ..Mounting BlockF

176F ..Cable Guide Assembly F

177F . .Counterweight F

178F ..Cable Assembly F

22F... Cable Bracket F

179F ..Counterweight Bracket Assembly F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 2 -/CoaDL8

ISHEET .9
Form Nft 177-81



i ....CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

180F A .Top Overtravel Limit Assy. Rear Loadi g A,B

181F ..Platform F

169F ..Platform Mounting Bracket F

183F ..Reach Arm Assembly F

168F ..Spring Bracket Assembly F

289F ...Mounting Bracket F

290F ...Spring Rod F

291F ...Yoke F

292F ...Pivot F

293F ...Channel F

295F ..Mounting BraCket F

170F ..Control Arm Assembly F

171F ..Limit Switch Bracket F

296F ...Base Plate F

297F ...Mounting Plate F

298F ...Control Arm Guide Plate F

173F ..Door Arm F

172F ..Guide Plate F

184F ..Control Shaft F

185F ..Deflector

F

320F ..Spring

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 C

SHEET /
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CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

P37F .Vertical Back Mounted 20 HP Drive G,H

200F .Horizontal RH & LH Side 10 HP Drive G,H

10 HP ..Motor F
Fr. 280T

J80001 ..Brake F

HU-477 ..Reducer F

124F ..Drive Base F

125F ..Jack Shaft F

126F ..Coupling F

127F ..Pillow Block F

128F ..Reducer Drive Sprocket F

188F ..Chain Guard F

132F ..Torque Limiter Guard F

133F ..Brake Adapter Plate F

134F ..Head Shaft Spacer F

135F ..Head Shaft End Cap F

136F ..Jack Shaft Spacer F

137F ..Jack Shaft End Cap F

334F ..Motor Shaft Adaptor F

335F ..Reducer Shaft Adaptor F

129F ..Head Shaft Drive Sprocket F

323F ...Adjusting Lug F

324F ...Adjusting Lug F

325F ...Adjusting Bracket F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 Z-/OZGLB 8

___SHEET 
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CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

326F ...Hub F

327F A ...Sprocket Base F

328F ... Washer F

329F ...Sprocket F

321F ..Torque Limiter Assembly F

130F ..Chain Take-Up F

330F ...Take-Up Bracket F

331F ...Take-Up Slide F

332F ...Idler Sprocket F

333F ..Pillow Block Burn-Out F

189F ..Drive Base F

193F ..Adjusting Plate F

191F ..Jack Shaft F

259F ..Jack Shaft Drive Sprocket F

260F ..Jack Shaft Driven Sprocket F

197F ..Pillow Block F

348F ..Pillow Block Burn-Out F

350F ..Jack Shaft End Cap F

351F ..Jack Shaft Spacer F

352F ..Jack Shaft Spacer F

349F ..Reducer F

354F ..Head Shaft Drive Sprocket F

357F ...Hub F

356F ...Sprocket Base F

355F ...Sprocket F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 2-- /o .,DLB
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CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

353F ..Adjusting Screw F
198F ..Chain Guard, Upper F

358F ..Chain Guard, Lower F

359F ..Pillow Block Spacer F

360F ..Chain Take-Up F

361F ...Take-Up Bracket F

362F ...Take-Up Slide F

363F ...Idler Take-Up Sprocket F

340F ..Limit Switch Assembly F

369F ...Mounting Bracket F

364F ...Bracket F

365F ...Switch Actuator F

366F ...Mounting Plate F

367F ...Stud Bolt F

368F ...Spacer F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 2-1!02GDLB
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IENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

141F ..Cleanout Cover F,G

143F ..Package Guard F

190F ..Serial Plate D

270F ..Lube Chart H

284F ..Contzol Station B,G

273F ..Mounting Plate F

274F ...Lock-Out Cover F

286F ...Hinged Cover F

277F ..Mounting Clip F

278F ...Lock Plate F

287F ...Instruction Chart Intermediate D
Station

299F ..Warning Plate D

272F ...Hinged Plate F

275F ...Instruction Chart Master Station D

276F ...Spacer F

279F ...Instruction Chart Machine Control D
Station

805- .Door Watertight F,H
1400066

SIZE CODE IDENT. NO DWG. NO. REV.

A 07586 -LO C D L B
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I REVISIONS

REV. DESCRIPTION DATE APPROVED

3 C EN. REVISION 5/20/7

A. SUPPLEMENTING SHIP EQUIPMEYP DRAWIiG:

]2UIIPFNT MFGRt S DRAWING NTUNR
VERTICAL STORES HANDLING CONVEYOR

3. APPLICABLE SPECIFICATION Z

C. NAVY CONTRACT

D. MFGR. ORDER NINMBER

E. MFGR'S. IDENTIFICATION: SERIAL NUMBER

RATING:

DESCRIPTION:

F. APPLICATION: SHIPBOARD STORES HANDLING

G. SHIP IDENTIFICATION:

H. NO. ITEMS PER SHIP NO. SHIPS INVOLVED

I. REFEENCE DRAWINGS: DRAWING LIST SHEETS THR(C (GH

J. TECHNICAL MANUAL NO.

K. COMPONENT IDENTIFICATION NO.

L. NOTES:

KORNYLAK €Mo
400NATON ST , HAMILTON, 09460 4511 * $13 U -)

PREPARED DRAWING LIST

CHECKED VERTICAL l00 LB. PACKAGE CONVEYOR
TRUNK STYLE

ENGINEER TOP RECESSED LOADING TYPE C

SIZE CODE IDENT. NO. DRAWING NO. REV.
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CODE
DENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

P21FC General Arrangement Drawing A,B,C,G
Top Recessed Loading Style C

347F (1 :f 2) Electrical Controls G

347F (2 )f 2) Electrical Controls G

P3-AF Cross Section A

158F (I )f 2) .Trunk Assembly A,B
158F (2 )f 2) .Trunk Assembly A,B

159F ..Head Frame F

160F ... Spreader F

98F A ..Intermediate Frame F

99F ..Tail Frame F

10OF A ..Lower Frame F

101F A ...Side Shield LH F

102F A ...Side Shield RH F

114F A ...Shield Support F

106F A ...Single Cross Bar F

107F A ...Side Shield LH F

108F A ...Side Shield RH F

301F ...Track Angle F

306F ...Track Lower Frame F

307F ...Track Lower Frame F

308F ...Track Lower Frame F

309F ...Track Lower Frame F

310F ...Track Lowez Frame F

85F ...Double Cross Bar F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 2- ?OG/DL C B
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CODE _-

IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026I3 .
311F ...Track Lower Frame F

312F ... Track Lower Frame F
314F ...Track Lower Frame F

336F ...Track Tie Plate F

337F ...Track Tie Plate F

339F ...Support Block F

304F ...LH Channel Support F

305F ...RH Channel Support F

302F ...,Joint Block F

303F ... Support Block F I
74F A ...Rod Holder F

147F .Lubrication Access Head End H

I

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 ?-IO?( DL.
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CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026
A

104F (1 :f 3) .Shield Assembly A,B,G
104F (2 )f 3) .Shield Assembly A,B,G
104F (3 )f 3) .Shield Assembly A,B,G

83F ..Front Shield Ext. F

113F ..Int. Front Shield F

140F ..Int. Front Shield F

105F ..Lower Front Shield F

81F ..Head Rear Shield F

77F ..Int. Rear Shield F

89F ..Filler Rear Shield F

109F ..Lower Rear Shield F

112F ..Lower Rear Shield F

111F ..Side Shield Tail Ext. F

146F ..Lower Front Shield F

82F ..Head Side Shield F

115F ..Filler Front Shield F

316F ..Angle Clip F

317F ..Clip F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 ?--/?_ DL C
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CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

117F ..Door Frame Upper F

118F ..Door Frame Inter. Square Corner F

119F ..Door Frame Inter. Round Corner F

148F . .Door Frame Lower F

120F ...Side Plate F

121F ...Corner Plate F

122F ...Side Plate F

138F ...Bottom Plate F

139F ...Top Plate F

142F ...Top Plate F

144F ...Bottom Plate F

P25F .Head Unit Assembly A,B

P23FA ..Head Cam Plate LH F

P23FB ..Head Cam Plate RH F

P24F ..Head Shaft F

87F ..Bearing Housing (Head Shaft) F

88F ..Carrier Sprocket (Head) F

116F ..Lubrication Mounting Assembly H

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 - .. D L C
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CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

P22F .Tail Unit Assembly A,B

PSA ..Tail Cam Plate RH F

P8B ..Tail Cam Plate LH F

72F ..Spring Retainer F

73F ..Spring Spacer F

75F ..Bushing F

78F ..Adj. Rod F

90F ..Track Right Rear F

91F ..Track Right Rear F

92F ..Track Lift Front F

93F ..Track Lift Rear F

94F ..Bearing Retainer F

95F ..Tail Sprocket F

96F ..End Cap F

103F ..Bushing F

318F ..Spring F

:1

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 Z-I02. D LC C
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CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

P20F A .Carrier Assembly A,G,H

P26 C ..Carrier F

P27 A ..Guide Arm F

P28 C ..Carrier Shaft F

41F ..Chain Drawinq F

162F A ... Chain Pin F

49F A ..Carrier Link Inner Assembly F

45F A ...Carrier Link Inner F

43F A ...Bushing F

46F A ..Cam Follower F

164F A ..Cam Follower Flanged F

47F A ..Cap F

163F A ..Spacer F 4

48F A ..Carrier Link - Outer Assembly F

44F A ...Carrier Link - Outer F i

a I

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 -DBL. B
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CODE
ODE DWGTTL CATEGORYIDENT.NO. DWG. NO. REV. TITLE

2-1026

PlOF (1 :)A) .Loader Unloader Assembly A,B
PlOF (2 :f 2) .Loadur Unloader Assembly A,B

P150F A .Loader Unloader Assembly A,B

51F 4 ..Platform F

149F ..Platform F

52F A ..Bracket Assembly RH F

182F ...Flanged Bushing F

53F A ..Bracket Assembly LH F

182F ...Flanged Bushing F

54F A ..Cross Shaft F

55F A ..Clevis Arm F

56F A ..Clevis F

57F A ..Clevis Pin F

58F A ..Spring Rod F

59F A ..Connecting Arm F

60F A ..Pivot Block F

61F A ..Shifter Arm F

C?F A ..Guaide Shaft F

63F A ..Guide Plate F

64F A ..Pivot Stud F

65F ..Split Coupling F

76F ..Spring F

145F ..Sleeve Bearing F

161F ..Thrust Bearing F

165F ..Thrust Bearing F

300F ..Ball Handle F
SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 2-12(oDLC
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i CODE........jIDEN1.NO. DWG. NO. REV. DWG. TITLE CATEGORY

~2-1026

66F A .Top Front Loader Unloader A,B
69F A ..Bracket RH & LH F

70F A ..Mounting Clip F

67F A ..Roller Assembly F

68F A ..Load Bar F

156F .Top Overtravel Limit Assembly A,B

167F ..Platform F

168F ..Spring Bracket Assembly F

289F ...Mounting Bracket F

290F ...Spring Rod F

291F ...Yoke F

292F ...Pivot F

293F ...Channel F

295F ..Mounting Bracket F

170F ..Control Arm F

171F ..Limit Switch Bracket F

296F ...Base Plate F

297F ...Mounting Plate F

298F ...Control Arm Guide Plate F

320F ..Spring F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 jLC ¢
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CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

50F A .Jam Limit Assembly A,B

174F ..Mounting Block Top F

175F ..Mounting Block F

176F ..Cable Guide Assembly F

177F ..Counterweight F

178F ..Cable Assembly F

2Z8F ...Cable Bracket F

179F ..Counterweight Bracket Assembly

P37F .Vertical Back Mounted 10 HP Drive G,H

200F .Horizontal RH & LH Side 10 HP Drive G,H

10 HP .Motor F
FR 286T

J80001 ..Brake F

HU-47797 -FM ..Reducer F

124F ..Drive Base F

125F ..Jack Shaft F

126F ..Coupling F

127F ..Pillow Block F

128F ..Reducer Drive Sprocket F

188F ..Chain Guard F

132F ..Torque Limiter Guard F

133F ..Brake Adapter Plate F

134F ..Head Shaft Spacer F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 C- L C
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CODE

IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

135F ..Head Shaft End Cap F

136F ..Jack Shaft Spacer F

137F ..Jack Shaft End Cap F

334F ..Motor Shaft Adaptor F

335F ..Reducer Shaft Adaptor F

129F ..Head Shaft Drive Sprocket F

323F ...Adjusting Lug F

324F ...Adjusting Lug F

325F ...Aijusting Bracket F

326F ...Hub F

327F 4 ...Sprocket Base F

328F ...Washer F

329F ...Sprocket F

321F ..Torque Limiter Assembly F

130F ..Chain Take-Up F

3301 ...Take-Up Bracket F

331F ...Take-Up Slide F

332F ...Idler Sprocket F

333F ..Pillow Block Burn-Out F

189F ..Drive Base F

193F ..Adjusting Plate F

191F ..Jack Shaft F

259F ..Jack Shaft Drive Sprocket P

269F ..Jack Shaft Driven Sprocket F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 Z-C/OZ DL .,
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CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

197F ..Pillow Block F

348F ..Pillow Block Burn-Out F

350F ..Jack Shaft End Cap F

351F ..Jack Shaft Spacer F

352F ..Jack Shaft Spacer F

349F ..Reducer F

354F ..Head Shaft Drive Sprocket F

357F ...Hub F

356F ...Sprocket Base F

355F ...Sprocket F

353F ..Adjusting Screw F

198F ..Chain Guard, Upper F

358F ..Chain Guard, Lower F

359F ..Pillow Block Spacer F

360F ..Chain Take-Up F

361F ...Take-Up Bracket F

362F ...Take-Up Slide F

363F ...Idler Take-Up Sprocket F

340F ..Limit Switch Assembly F

369F ...Mounting Bracket F

364F ...Bracket F

365F ...Switch Actuator F

366F ...Mounting Plate F

367F ...Stud Bolt F

368F ...Spacer F

SIZE CODE IDENT. NO. DWG. NO. REV.

A 07586 _-j/Z D,
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[ C CODE
IDENT. NO. DWG. NO. REV. DWG. TITLE CATEGORY

2-1026

141F ..Cleanout Cover F,G

143F ..Package Guard F

190F ..Serial Plate D

270F ..Lube Chart H

284F ..Control Station B,G

273F ...Mounting Plate F

274F ...Lock-Out Cover F

277F ..Mounting Clip F

278F ...Lock Plate F

287F ... Instruction Chart Intermediate D
Station

299F ..Warning Plate D

272F ...Hinged Plate F

275F ...Instruction Chart Master Station D

276F ...Spacer F

279F ...Instruction Chart Machine Control D
Station

z8%F -.HNGED COVER

805-1400 D66 Door Watertight F,H

SIZE CODE IDENT. NO. DWG. NO. REV,

A 07586 -02-Co DL!
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Section IV

Reliability and Maintainabilitv

Program Plan, Final

A. Reliability Program Plan

The following pages describe the Reliability Program Plan for

the high-reliability vertical package conveyor developed for this

contract. Goals are: 0.95 criteria for successful system mission;

20,000 hours average life under user conditions; minimuzed redun-

dancy. The Failure Modes and Effects Analysis requred by the

Reliability Program Plan has been completed and submitted to Naval

Ship Engineering Center on March 23, 1976 ( see Item 8 of Section

I of this Final Report).

B. Maintainability P_-ogram Plan

The pages immediately following the Reliability Program Plan

outlined in Section A above, describe the Maintainability Plan for

the high-reliability conveyor. Both the Reliability and Maintain-

ability Program Plans were completed and submitted to Naval Ship

Engineering Center as a "task element" of Phase II on February 4,

1975 (see Item 1 of Section I of this Final Report).
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FOREWORD

The Vertical Package Conveyor Reliability Program Plan describes
the reliability work to be accomplished during Phase Il - Detailed
Design & Developmentp and Phase III Prototype Build Program, hov they
will be accomplished, responsibilities, and scheduling. Reference and
support information is included in the appendices.

Requirements of MIL-STD-785 and Contract N00024-72-C-5500 are
implemented as specified herein to provide for the most economical
implementation of work tasks. This program assures that the reliability
requirements are determined and satisfied throughout all phases of
contract performance. It is planned to substitute MIL-I-45208
Inspection System Requirements in place of MIL-Q-9858 Quality Control

Requi rement.

Ii
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Section 1

INTRODUCTION

1.i1 PURPOSE

The Reliability Program Plan for the Vertical Package Conveyor (VPC)
has been prepared and submitted in accordance with the Contract Data
Requirements List, Sequence Number B001AA. This document is the master
plan for implementing the Kornylak Corporation (KC) reliability program.

1.2 SCOPE

The Reliability Program Plan details the approach, procedures,
schedules and management control that KC will use to achieve VPC reliability
within requirements of the contract. This plan defines an organized
approach to reliability which encompasses the total range of reliability
effort from the initial conceptual phase and throughout the design,
fabrication, assembly, and test of the VPC. The reliability program is
based on the required elements of Contract N00024-72-C-5500 and Military
Standard, Reliability Program for Systems and Equipment Development and
Production, MIL-STD-785-A.

1.3 OBJECTIVES

A reliability program will be implemented at KC to assure that
reliability requirements affecting VPC performance and operating success
are identified and satisfied throughout all phases of the VPC contract.
Maximum program effectiveness will be provided by interfacing with design
personnel during the initial phases of the work and continuing throughout
the fabrication and testing phases. Specific actions will be taken and
controls instituted to meet reliability program goals as described in this
plane

1.3.1 RELIABILITY PROGRAM GOALS

The system mission or criteria for success is 0.95. Operational
success is defined as the probability of successful operation of the
VPC during typical ship use conditions. As a design objective KC shall
attempt to minimize the occurrence of hardward failures and to prevent
failures from occurring by prescribing preventative maintenance routines.
Ir addition, KC shall strive to eliminate or minimize all single failure
points.

1-1
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1.3.2 LIFE

The VPC shall be designed to have an average life of 20,000

hours under user conditions.

1.3.3 DESIGN PHILOSOPHY

The design shall utilize, as far as practical, fully developed

and proven parts and components. All equipment shall be designed for
worst-case environmental and component tolerance parameters. Operational

system success shall be the prime consideration and particular emphasis
shall be placed on high availability rate and ease for performing main-
tenance functions. The mean time between failures (MrBF) will be
considered during Phase II Engineering Studies, and Phase III Testing.

103.4 REDUNDANCY REQUIREMENTS

Redundancy shall be employed to the lowest practical level

consistent with meeting reliability goals. The type redundancy to be
utilized shall be selected after a full-failure mode analysis has been
performed to determine the possible and most probable failure modes.
The application of redundancy techniques shall not be used as justi-
fication for poor design practices or the use of equipment of marginal
reliability.

1-2



Section 2

RELIABILITY PROGRAM MANAGEMENT AaiD CONTROL

2.1 GENERAL

This section describes the organizationp responsibilities,
program planning and controlt and documentation that will be used to
manage and control the reliability program.

4n establishing and providing for a realistic and workable
program management and control plan, the following was considered.

. Task Responsibility - Each reliability task is
identified with an organization responsible for
its completion.

. SchedulinR - Each task is scheduled.

Reporting - Program progress and status of
accomplishment is reported on a continuing basis.

* Monitoring - The program is monitored and i record
kept of all changes so that continuity to the plan
is maintained.

2.2 ORGANIZATIrN

Functional responsibility for the reliability program lies within
the Engineeeing Branch. Work tasks will be performed by personnel skilled
in the reliability disciplines and familiar with the activities.

Figure 2-1 shows the responsibilities and tasks assignments by
organization. The tasks were :ostracted from the work statement requirements.

2.3 PROGRAM PLAN

The Program Plan was prepared in compliance with the VPC Program.
This plan constitutes the scope of work of the reliability program.

I
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2.4 PROGRAM REVISION

Any change in the scope of work will be documented in subsequent
revisions and in accordance with General Prov.sions: Changes, of the contract.

2.5 PROGRAM CONTROL

Program management and control is provided on a continuing basis by

supervision and management personnel. This activity is exemplified by ad-

herence to scheduled milestones and status reporting.

2.5.1 PROGRAM SCHEDULE

The functional areas of the reliability program and the schedule of

important milestones are identified in Figure 2-2. Milestone dates are in
agreement with the overall program plans. Management controls will be maint, ned
in order to meet task milestones in a timely and effective manner.

2.5.2 PROGRAM EVALUATION AND REVIEW

The reliability program of KC is subject to evaluation, review,

and inspection by customer designated representatives. Customer - contractor
program milestone review points are identified on the schedule of Figure 2-2
for Phase I, II and III.

2.6 DOCUMENTATION

The reliability program is documented by the following reports.
Figure 2-3 lists the documents and the contractor Data Requirement List
Sequence Number.

2.6.1 PROGRAM PLAN

This Preliminary Program Plan is submitted as required by contract.

The final Program Plan for Phase II and III will be submitted 45 days after
Phase II work cormmences.

2.6.2 PROGRESS REPORTS

A reliability progress report is submitted as a part of the Progress

Report and includes all accomplishments for the preceding quarter.

2.6.3 MILESTONE/COST REPORTS

Inputs will be furnished to the monthly milestone/cost reports.
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CONTRACTOR DATA
TITLE REQUIR TS LIST REMARKS

Program Plan AOO1AA Preliminary
BOO1AA Final

Progress Reports AOOIAE Input to support
BOO1AF documentation
CO01AM delivery

Milestone/Cost Report EO02 Input to support
(in all documentation
phases) delivery

monthly

Final Report AOOAF Input to support
BOOlAG documentation
CO01AU delivery

Design Review Minutes AOOIAD 15 days after
. BOOAE each formal
COO1AC -review

FMEA,. Report BOOIAB Preliminary
BOOIAH Final

Demonstration Test Plan COOAH Preliminary
C001AK Final

Figure 2-3. Reliability

Data Requirements



2.6.4 FINAL REPORT

Inputs to the Final Report will be provided at the completion
of Phase I, II and III.

2.6.5 DESIGN REVIEW MINUTES

Minutes of each design review will be prepared and submitted

15 days after each formal design review is completed.

2.6.6 FMEA REPORT

A preliminary and final FMEA Report will be furnished. This
report identifies possible modes of failure, effect of the failure on system
capability, and the criticality of the failure to system success.

2.6.7 DEMONSTRATION TEST PLAN

A Reliability Demonstration Test Plan will be submitted prior
to the scheduled start of testing.
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Section 3

TASK PLAN

3.1 GENERAL

Section 3 describes the tasks, their objectives, schedules,
and methods of implementation. Figure 2-1 shows the overall reliability
program by tasks, grouped in their corresponding categories.

3.2 RELIABILITY ANALYSIS

To satisfy the Reliability Program Goals, Kornylak Corporation
will perform reliability analysis on critical components and parts based
on the methods described in MIL-STD-785 Military Standard Reliability Program
for systems and Equipment Development and Production. The purpose of these
analysis is to systematically evaluate key elements of the system to insure
that potentially unreliable hardward and critical failure modes are detected
and corrected prior to the final design. The analysis will include a review
of all critical part and component applications, system redundancy require-
ments, environmental profiles, and performance tolerances to identify
reliability stress levels and opportunities for reliability trade-offs.

The major effort of this will include inputs to the parts appli-
cation and design review tasks. Work effort continuity will be maintained
throughout the program to assess the impact on system reliability which
could influence VPC performance. This will be done by updating the reliability
analysis as data becomes available from developmental testing and failure
analysis results.

3.2.1 ALLOCATION

Reliability objectives will be allocated to the part level based
on the methods described in MIL-STD-756A Military Standard Reliability
Prediction. Allocated goals on critical hardward will be identified for
implementation in specifications, procurement recommendations and design
reviews.

3.2.2 PREDICTION

An analysis of all critical parts during Phase II will be per-
formed to determine their probable failure modes and failure rates. This
analysis is accomplished in part by preparation of component application
sheets which define the component reliability design requirements. All
applicable information including specifications, system applications,
design characteristics, vendor data and test reports are analyzed and used.
This information is prepared for selected components and the results

documented.

A continuing review of all test and failure reports is to be [1
maintained and the component reliability analysis is updated as new
information becomes available. The results derived from this task will be
utilized in making VPC reliability estimates.I



A reliability prototype of the VPC will be prepared to show the

functional relationships that are necessary for successful VPC operation. A
prediction of the reliability for VPC will be made for the hardware confi-
guration of Phase III.

3.3 PARTS APPLICATION

The design of the VPC will utilize proven parts and components as
far as practical. Action will be taken during the design reviews to maximize
the use of parts and components which have design factors to meet the
performance, reliability and quality requirements as specified in the
Contract and/or its specification.

Reliability personnel will work closely with the design engineer
in order to implement reliability requirements. Feedback of information
from previous experience with similar or related designs will be inputed
into system development. The design will include application of preferred
parts to the greatest extent possible. It shall be an objective during
the design review to eliminate from the design parts known to be inadequate.

3.2.2 VENDOR CONTROL

Vendors if required will be chosen that have a proven record of
reliability accomplishment. This will be determined based on the ability of
the vendor to meet qualification, reliability and maintainability standards
for military operations. Vendor surveys will be performed whenever products
do not meet specification requirements or whenever functional failures are
experienced. Vendor purchase orders for components will contain quantitative
requirements for Repair and Maintenance as necessary to satisfy overall
contract requirements.

3.4 FAILURE MODE, EFFECT ANALYSIS

A Failure Mode, Effect Analysis (FMEA) shall be performed as an
integral part of the design process. This will provide a study of the system
to determine possible modes of failure and their effects on system success.
A list of critical items will also be furnished.

3.4.1 ANALYSIS REQUIREMENTS

A failure mode effect analysis will be performed to determine
modes of system failure and the effect of each failure on operational
capability. The FMEA repcrt will be made starting at the system or function
level and expanding downward to the part level in order to identify critical
functions. Each potential failure will be considered in the light of pro-
bability of occurrence and be categorized as to the probable effect on system
operating success and personnel safety. The final FMEA will be completed
and delivered at the time the design for Phase III is finalized.

3.4.2 APPLICATION

The Reliability Engineer will utilize FMEA data as an input for
reliability prediction and safety analysis. An impol ant objective is to
discover critical failure areas and to identify means of removing the failure
susceptibility from the system. Reliability studies, as described in
Section 3.2, will utilize FMEA data to aid the VPC design. Use of the FMEA
will also be made to provide an input to the maintainability task and as a
major consideration in design reviews.
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3.5 DESIGN REVIEW

Engineering design reviews evaluate the design and ability of
parts, components, and systems to perform their intended function. Both
formal and informal design reviews will be conducted.

3.5.1 FORMAL REVIEW

Formal design reviews will be conducted at which time the designs
and drawings will be reviewed and analyzed in detail to determine equipment
deficiencies. Improvements to the design and operation will be identified
that will increase system reliability, maintainability and safety.

A preliminary design review will be held prior to initial design
release. Formal design reviews will be held for the Phase II, III and Phase IV
configuration.

The following check lists are used in design review meetings to
insure that all potential causes of failures or problems are considered:
a) Functional-Mechanical, b) Functional-Electrical, c) Environment,
d) Component Requirements, e) System Requirements, f) Reliability, g) Testing,
and h) Human Factors/Maintainability Design Review. The Reliability Check
List is shown in Appendix I.

3.5.2 INFORMAL CONTINUING REVIEW

Informal continuing reviews in the form of reliability analysis
is maintained as a part of the reliability program, as previously described
in Section 3.2. This work arrangement assures that the best features for
inherently reliable designs are provided to the designers at the earliest
possible date. This will help to insure that many reliability principles
are incorporated into the design prior to the formal review.

3.5.3 ENGINEERING DESIGN CHANGES

Engineering cesign changes, after initial release, will be reviewed
to determine their effect on system success, availability and safety. As part
of the overall change activity, any design change which adds, deletes, or
changes the operation of a functional component shall be documented as part
of the engineering design change system and consideration given to its effect.

3.6 RELIABILITY DEMONSTRATION

A reliability demonstration test plan will be prepared during
Phase III for use in Phase III. This plan will contain information regarding
reliabili6y test procedures. Definition of equipment failure, rules for
continuation of testingp and failure analysis and corrective action guidelines
will be furnished. Reliability demonstration of the VPC will be performed by
Kornylak Corporation personnel.
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3.7 COMPONENT CONTROLS

Controls will be applied on the VPC in order to provide added
confidence that components will perform intended functions. Components
whose successful performance is required for operating success, ease of
maintenance, and safety will have been identified in the reliability
analysis, FMEA, parts application and design review tasks. Continuity

will be maintained during hardward manufacture and assembly to assure
that reliability and quality is not degraded.

3.7.1 RELIABILITY ASSURANCE

Reliability engineering personnel who participated in the initial
phases of the program will also have responsibility to assure that reliability
is enhanced. This continuity will provide the basis for evaluation of progress
and assurance of reliability. Records will be maintained and reviewed
periodically for impact.

All life limited components affected by age or operational
characteristics will be identified. Components with special characteristics,
safety or reliability requirements will be determined and these requirements
will be included in the applicable specification. Components with repetitive
quality, test or failure history will be monitored and corrective measures
will be implemented to reduce the incidence of recurring problems.

3.8 DATA COLLECTION, ANALYSIS AND CORRECTIVE ACTION

Failure analysis will be performed and corrective action taken on
all functional failures. Daca will be acquired to insure effective monitoring,
information feedback and timely resolution of all problems encountered during
the activities under this contract. Failures on critical components shall be
assessed for potential impact on the systeta hardware and operational
objectives.

3.8.1 FAILUP DOCUMENTATION

Failures and discrepancies are reported on Incoming Material,
Inspection Sheets, Defective Material Notices and Interim Report-Test Problem/
Malfunction. These documents identify and describe problems that occur during
incoming inspection, in-plant processing, assembly operations and testing.

3.8.2 FAILURE ANALYSIS AND CORRECTIVE ACTION

All functional failures identified during production, and testing,
are closed out by issuing Functional Failure Close-Out Sheets, and Reliability
Engineering Test Close Outs. Status of all open functional failures is
maintained so that analysis and corrective action and recommendations are
made on a timely basis. Corrective action includes design improvements and
verification.
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APPENDIX I

RELIABILITY CHECK LIST

The following check list is used to ensure that as many potential
failure causes as possible are considered.

1) Have corrosion-resistant materials or finishes been provided?

2) Are there dissimilar metals in contact?

3) Are all materials satisfactory for the temperature involved?

4) Is the possibility of flaking considered?

5) Has moisture protection been provided where necessary?

6) Are all materials fungus resistant or inert?

7) Are electrically conductive finishes provided where necessary?

8) Have cantilever mountings been eliminated where possible?

9) Is the trunk and frames sufficiently designed for the application?

10) What are the location and load ratings of mounting points?

11) Where are the heaviest parts located?

12) Have the center of gravity and acceleration been considered in
the design. i

13) In the case of terminal boards, are the critical components mounted
at the edges rather than in the center and are they properly
supported?

14) Has clearance been provided with due consideration for vibration,
shock and noise stresses?

15) Can electrical instability be caused by vibration of mechanical
parts?

16) Are stranded wires properly received close to solder points to
prevent flexing?

17) Are proper screw lengths and locking provisions specified?

18) Is the design such that the components may be installed without
heat or mechanical damage?

19) Is there adequate accessibility for repair?

L- 1
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20) Does the design eliminate the possibility of inserting the

wrong plug or module into a receptacle?

21) Have provisions been made for properly leading cables and wiring
around corners and sharp edges?

22) Are grommets provided where needed?

23) Is lacing properly specified and harness well routed and properly
clamped?

24) Have cables and connectors been properly identified?

25) Does the system and components have a design life expectancy
exceeding all test, checkout, and operational requirements?

26) What is the failure history of the item? Is this a critical item;
i.e., would its failure cause system failure?

27) What is the expected or estimated numerical value of reliability
of the item?

28) If the item is a newly developed design what are its critical
weaknesses? What provision has been made in the design so that
modifications can be made at the earliest possible time if these
or other weaknesses show up during testing?
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APPENDIX II

DEFINITIONS AND ABBREVIATIONS

DEFINITIONS:

COMPONENT A combination of parts, subassemblies or assemblies, usually
self-contained, which performs a distinctive function in the
operation of the overall equipment. "A black box."

FAILURE The inability of a system, subsystem, component, or part to
perform its intended function under defined conditions.

FAILURE MODE The physical description of the manner in which a failure
occurs, and the operating conditions of the equipment at the
time of failure.

FAILURE RATE At any point in the life of material, the incremental change
in the number of failures per associated incremental changes
in the measure of life (cycles, time, miles, event, etc.,
as applicable).

GENERIC
FAILURE That rate as defined above which would prevail when the
RATES part, component, or system is used at rated conditions under

ambient laboratory environments.

MAINTAINABILITY The quality of the combined features of equipment design and
installation which facilitates the accomplishment of inspection,
test, checkout, servicing, repair, and overh-tul with a minimum
of time, skill and resources in the planned maintenance
environments.

MODEL A program which uses functional logic expressions together
with babilistic values to determine system reliability.

MILESTONE Any significant event in the design and development of a system
or in the associated reliability program which is used as a
control point for measurement of progress and effectiveness or
for planning or re-directing future effort. Reliability program
milestones should be identified in the Reliability Program Plan.

PART One or more pieces joined together, and which are not normally
subject to disassembly without destruction. Generally a
constituent of a component.

qUALIFICATION Determination by a series of tests and examination of
documents and processes that a part. component, subsystem, or
system is capable of meeting performance requiremepts
prescribed in the specification.



QUALIFICATION The complete body of data obtained in the qualification
DATA testing of a part, component, subsystem or system.

QUALIFICATION A test or series of tests conducted to determine if a
TEST part, component, sybsystem, or system meets qualification

requirements.

REDUNDANCY The use of more than one means of accomplishing a given
(OF DESIGN) task or function where all must fail before there is

an over-all failure of the system.

RELIABILITY The probability of a successful operation of the device
in the manner and under the conditions of intended
customer use.

RELIABILITY TEST Tests to establish a significant level of engineering
confidence in the reliability of the hardware. These tests
will be a continuation of qualification tests to verify the
life expectancy with the addition of overstress tests as
necessary to determine failure modes and safety margins.

SUPPLIER A contractor, subcontractor or other source producing or
providing articles or services required in connection with

the prime contract.

SYSTEM One of the principal functioning entities comprising the
project hardware and related operational services within a
project or flight mission. Ordinarily, a system is the first
major subdivision of project work. Similarily, a subsystem
may also be an organized and disciplined approach to accomplish
a task, e.g., a failure reporting system.
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FOREWORD

The Vertical Package Conveyor Maintainability Program Plan
describes the maintainability work to Le accomplished during dcsign
development and prototype phases. The plan defines and describes
the tasks of the maintainability program, how they will be accomplished,
responsibilities; and scheduling.

Requirements of MIL-STD-470, Maintainability Program Requirements
and U.S. Navy Contract N00024-72-C-5500 are included in the program plan.
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Section 1

INTRODUCTION

1.1 iPURPOSE
4

The Maintainability Program Plan for the Vertical Package Conveyor (VPC)
has been prepared and submitted in accordance with the '1ontract Data
Requirements List, Sequence Number B001AA. This document is the master
plan for implementing the Kornylak Corporation (KC) maintainability program.

1.2 SCOPE

The Maintainability Program Plan details the approach, procedures, schedules
and management control that KZC will use to achieve VPC maintainability within
the requirements of the contract. This plan defines an organized approach
to maintainability which encompasses the total range of effort from theinitial conceptual phase and throughout the design, fabrication, assembly,

test, and delivery of the VPC. The program is based on the required elements
of Contract N00024-72-C-5500 and Military Standard, Maintainability Program
Requirements MIL-STD-470.

1.3 OBJECTIVES

A maintainability program will be implemented at Kornylak to assure that
requirements affecting VPC performance and operating success are identified
and satisfied throughout the VPC contract. Maximum program effectiveness
will be provided by interfacing with design personnel during the initial
phases of the work and continuing throughout the fabrication and testing
phases. Specific actions will be taken and ;'ontrols instituted to meet
program goals as described in this plan.

[1

1.3.1 MAINTAINABILITY PROGRAM GOALS

The goal for mean time to repair is: No more than I of 20 simulated preventative
maintenance (P.M.) tasks shall exced 2 hours, and no P.M. tasks shall exceed
4 hours. No more than 2 of 20 corrective maintenance tasks shall exceed 5 hours
and the mean time to repair shall not exceed 3 hours.

1.3.2 MAINTAINABILITY PHILOSOPHY

The maintainability philosophy will be to utilize to the maximum extent
possible those design practices which allow for ease and speed of both
preventative and corrective maintenance. Requirements for special tools or
test equipment will be h.,1c, to a minimum. Tasks requiring special skills
will be reviewed to determine that no practical alternative exists.

--- 1



Section 2

MAINTAINABILITY PROGRAM MANAGEMENT AND CONTROLIA
2.1 GENERAL

This section describes the organization, responsibilities, program planning
and control, and documentation that will be used to manage and control the
program*

In establishing and providing for a realistic and workable program managementI
and control plan, the following was considered.

Task Responsibility. Each task is identified with an
organization responsible for its completion.

Scheduling. Each task is scheduled.

Reporting. Program progress and status of accomplishment
is reported on a continuing basis.

Monitoring. The program is monitored and a rezord kept
of all changes so that continuity is maintained.

2.2 ORGANIZATION

Functional responsibility for the maintainability program lies within the
Engineering Branch. Work tasks will be performed by personnel skilled in
the disciplines and familiar with the activities required.

Figure 2-1 shows the responsibilities and task assignments by component
organization. The tasks were abstracted from the work statement requirements.

2.3 PROGRAM PLAN

The Program Plan WAS prepared in compliance with the VPC Program requirements.
This plan constitutes the scope of wrk of the maintainability program.

2.4 PROGRAM REVISION

Any change in the 3cope of work wil be documented .si subsequent revisions of
the prosram plan.

2-1
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2.5 PROGRAM4 CONTROL

Program management and control is provided on a continuing basis by supervision
and management personnel. This activity is exemplified by adherence to
scheduled milestones, and status reporting.

2.5.1 PROGRAM SCHEDULE

The functional areas of the program and the schedule of important milestones

are identified in Figure 2-2. Milestone dates are in agreement with the
overall program plars. Management controls will be maintained in order to
meet task milestones in a timely and effective manner.

2.6 DOCUMENTATION

The program is documented by the following reports. Figure 2-3 lists the
documents and the contractor Data Requirement List Sequenice Number.

2.6.1 PROGRAM P.LAN

This Preliminary Program Plan is submitted as required by contrat. The
final Program Plan for Phase II and III will be submitted 45 days after Phase TT
work commences.

2.6.2 PROGRESS REPORTS

A maintainability progress report is submitted as a part of the Progress
Report and includes all accomplishments for the preceding quarter.

2.6.3 FINAL REPORr

Inputs ..) the Final keport will be provided at the completion of Phase III.

2.6.4 DEMONSTRATION TEST TL-AN

A Maintainability Demonstration Test Plan -dill be submitted prior to the
scheduled start of es-ing.

2.7 RFLATION TO INTEGRATED LOGISTICS PL/'

The integrated logistics p.an must consider: 1) the maintainability plans
provision for periodic maintenance, 2) spares provisioning necessary to meet
the WTBF for specific equipments, and 3) equipment utilization to meet the
availability requirement,. When the maintainability requirements are
established, the logistics plan should be amended to assure adequate spares
to meet the requirements of the overall system.
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2.8 LIAISON BETWEEN MAINTAINABILITY AND RELIABILITY

There will be constant interchange of collected data between the maintain-
ability and the reliability functions.

2.9 PROGRAM REVIEWS

Informal design reviews will bft -ade on a continuing basis as the system/
equipment design evolves. To assure the incorporation of maintainability
requirementsp these informal reviews will includ a current comparison of
maintenance time predictions with downtime appe ":.ionments. The design
guidelines will be used as guides in evaluating jesigns for qualitative
maintainability features*

PDR's will be conducted during the design phase of the program to maintain
close liaison -Ath program personnel and to provide assistance in:

a. Evaluating the relative maintainability merit
of system configuration being considered.

b. Evaluating the effect of proposed design changes
on system maintainability*

2.10 SUBCONTRACTOR RELATIONS

Subcontractors will be required as necessary to provide maintainability plans
and/or maintainability data. Currently no equipment subcontractors are
contemplated. Howrevews il th event that a subcontractor is chosen to design
and produce a portion of the system the requirements of this paragraph and
MIL-STD-70 will be imposed.

~2-5



Tnu CONTRACTOR DATA REKABKS
REQUIMIEVTS LIST

Program Plan AOO1AA Preliminary
BOO1AB Final

Progress Reports A001AE Input to support
documentation
delivery quar terly

Final Report AC0OlAF Input to support
BOO1AG documentation
CO01AU delivery

Demonstration Test Plan CO01AG Preliminary
C001AJ Final

Figure 2-3. Maintainability Data
Requirements
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Section 3

TASK PW-

3.1 GMEJAL

Section 3 describes the tasks, their objecti'es, schedules, and methods of
implementation. Figure 2-1 shows the overall maintainability program by
tasks groupc i in their corresponding categories.

3.2 MAL(TAnIABITITT FALYSIS

In order to satisfy prog.sm goals, Krnylak Corporation %611l perform analysis
on critical cmpone.-ts and .arts during basic research .and development, to
influence the desi. of the 1'(C. Mt maitainability ar--yiy of the system
shall identify the maintai.ability characteristics of the equipment and
components of the system in terms of their contribution to the ovieral
system maintainability. Factori considered shall include, but not be limited
to, mean time between failure, mean time to repair, mean time for schedaled
maintenance, operational requirmnts, skills, speciul equipment. lev.ls
and location of facilities, and mean down time.

The output of the maintainability analysis will be the quantitative and
qualitative maintainability req-irement, with a maintenance concept and
maintenance plan.

3.2.1 MARITAfABILIT! ALLOCA IC!

As an aid to design and to achieve required maintainability Goals, allocation
of maintainability parameters will be developed early in the progrm. he
allocation will be made by as-igning cc:rective downtime goals to part levels
based on fai* re rates and preventive maintenance requirements. Item with the
highest fre *ncy of failure or zervicing -dill be aszigned mainten.nce timeI
allocations sufficiently low th;t the required downtime criteria can be ett.

3.2.2 MArIA1rABILITY PRMIICTIGtI

The contractor will provide predictions of xaintainability parmeter values
for the system. The prediction technique used will be as defin&d in

• -MK-?2. The prediction technique will estimate the quantitati"e main-
tainability system paraweter values for the plzned design configuration.
The quantitative estimates ill be used to Judge the adequacy of the proposed
design to meet the xaintainabili y predicted requirements and identify design
features requiring corrective action.

3-1



3.3 MAINTAINABILITY DEONSTRATION

Maintainability Demonstration will be accomplished by the Kornylak Corporation

in accordance with the Maintainability Demonstration Plan. This plan will
be developed in accordance with MIL-STD-471, Military Standard Maintainability
Demonstration.

3.4 HUMAN FACTORS ENGINEERING

The human factors engineering will support the maintainability activity.
Principles and procedures of Human Factors Engineering will be applied to
decisions during the development, manufacturing, testing and operation of
the system. MIL-STD-1472 and MIL-H-46855 will be the basic reference docu-
ments. The approval of drawings by Engineering will verify that the confi-
guration and arrangement of equipment satisfy man/equipment performance
requirements.

3.5 MAINT.INABILITY ASSURANCE

The contractor will establish and periodically up-date detailed maintain4
ability criteria determined from the repetitive system analysis. Appropriate
consideration of maintainability .criteria will be reflected in design concept
reviews, item selection, design reviews and trade-offs.

3.6 MAINTENANCE CONCEPT AND PLAN

One output of the maintainability analysis is the maintenance concept for the
Vertical Package Conveyor. Areas to be covered in the maintenance concept
include preventive maintenance such as lubrication of reducers, inspection
and test requirements such as checking the torque limiting device setting,
corrective maintenance concepts such as the replacement of relays and
periodic overhaul requirements such as replacement of bearings.

The maintainability analysis will develop the preliminary maintenance plan
specifying levels and types of maintenance required.

3.7 mAINTAmNABmITY REPOr

Maintainability and Human Factors data will be collected on the data form
shown as Figure 3-1. This form will be initiated.by the test engineer/
technician when failures or unsatisfactory uonditions occur. Copies of
these reports will be used for Kornylak Corporation Maintainability analysis.
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MAT TAINTABiLITY/HUMA FACTORS FAILURE RPCF.T' A

Contract Number Form Number *_

1. Date of Failure

2. Elapsed Time at Tize of Failure _hours

Elapsed Cycles at Time of Failure cycles

3. Failed Piece Part of Item (Name and Identification)

Primary

Secondary

Cause of Failure (Design, Workmanship, Human, Unkno' , Wear-Cut, OCther; Expli in)

'a. ho. of previous failures of same part in testn " period

First indication of Malfunction (Did Anyone Observe the Failare?)
/

,. o x Operzation When Failure Occurred

.:.'ct of Failure on Part

3. :::fe ; of 'aLiure on System

* etu,.ec Failtre Analysio

1O. Repair Action (or Action Taken to Correct Deficiency)--(e.;. Correct, -ep-ace:

Eliminate, Modify, Dcsign, Modify Part, Other; .escr.be Conciely --.e Act. ron )

enc'.-be any ciange in maintenance requlrementa as result of re~a.r actcOn

tk~ - - -- -
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11. Verification Action Planned to Check Adequacy of Corrective Action

12. Cost of Repair Parts (or Remedy)______________________

13. Skill Level Required to Repair Failed Item ......

14. Diagnostic Time to Isolate Trouble hours ..... . min.

* Actual Time to Repair hours min.e ",_

Man-Hours to Repair hours min.

s*Dovn Time _hours =in.

15. Scheduled (Preventive) Maintenance Associated with Failed ?art

16. Name of Reporter

Actual Time to Repair is the length of t!ue spent in deierin ng the pr-blez rrx
re.ai -ng the machine.

,-*Dcvn Time is the length of tim9e that the unit is not operational. it incl----3
suce, times as time away from repair due to -eals, holidays, waiting for ordered
parts and administrative delays.

Figure 3-1. Maintainability/Hu=an rFactors Failure
Reporting Form

.

= I. . . . "

"+++ ............... . ... ....... ..-.-..--... .. -... ..... . , .. ...-..--. .... .. .. ...---. ..--.... ..- =< ,
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Maintainability analysis of the reports will be performed and the results of
the analysis -ill be..provided to design the Maintainability Plan and prepare
the Maintenance Engineering Technical Manuals. Follow-up will be maintained
and status reported in the progress reports.

I
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Section V

Failure Modes and Effects Analysis

A. FMEA Selection and Criteria Report

The following FMEA Selection and Criteria Report was prepared

and submitted to Naval Ship Engineering Center April 14, 1975 (see

Item 2 of Section I of this Final Report).

B. Failure Modes and Effects Analysis

The pages immediately following the FMEA Selection and Criteria

Report comprize the Failure Modes and Effects Analysis completed and

submitted by the Contractor to Naval Ship Engineering Center on March

23p 1976 (see Item 8 of Section I of this Final Report).



FMEA Selection and Criteria Report
DD 1423 Item B001A

(partial fulfillment of line item 004
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Copies: 6

Reproducibles: 0
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FAILURE MODES AND EFFECTS ANALYSIS
SELECTION AND CRITERIA REPORT

1. SCOPE

1.1 The Failure Modes and Effects Analysis (FMEA) Selection and Criteria

Report contains:

(a) A narrative functional description of the vertical

stores conveyor.

(b) A functional block diagram.

(c) An indentured block diagram detailed down to the

indentured level which will identify replaceable

parts or components.

(d) A list of the items recommended for FMEA application.

(e) An outline of the depth to which FMEA will be applied

within each assembly and subassembly.

(f) A description of the type of failure modes associated

with each item selected for FMEA application.

(g) A description of the criteria to be used for

identifying critical items (MIL-STD-1629 (Ships)

will be used as applicable).

(h) The rational for selecting the items and associated

failure modes for FMEA.

2. APPLICABLE DOCUMENTS

2.1 To the extent applicable the following documents will be used to

prepare and support this report:



Standards:

MIL-STD-470 Maintainability Program Requirements

(for Systems and Equipment)

MIL-STD-785 -- Reliability Program for Systems and

Equipment Development and Production

MIL-STD-1629 -- Procedures for Pirforming a Failure
(Ships)

Mode aad Effect Analysis for Shipboard

Equipment

Reports:

"Reliability and Maintainability Program Plans - Final"

(prepared by Kornylak Corporation and submitted

January 28, 1975 under CDRL Item B001AA of USN Contract

AN00024-72-C-5500).

"Reliability Studies Including Corrective Action Plan for

Vertical Package Conveyor"(prepared by Kornylak Corporation

and submitted August 10, 1972 under CDRL Item A001AG-l

of USN Contract hI00024-72-C-5500.

3. EQUIPMENT DESCRIPTION AND FUNCTIONAL BLOCK DIAGRAM

3.1 Narrative functional description. The vertical stores conveyor

is used to convey goods and stores from one shipIs level to another. The

conveyor is equipped with vertically moving trays to carry packages weighing

up to 100 pounds in sizes up to 36 inches wide by 24 inches deep by 36 inches

high. Each load station is equipped with platforms that can be positioned to

mechanically eject packages at that load station; these devices can also

be positioned as a load platform to position loads for pick-up during strike-up

operation. Speed of operation can be scezcted at 8, 12 and 16 trays per

minute. The machine is electrically motor-driven through a non-overhauling
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reducer. An electrical brake is used to stop conveyor motion. The conveyor

is controlled thru a series of push-button stations located at each load

station. One of these stations is designated the "master control stat!on"

and has the additional function of turning power "on" and selecting conveyor

speed. Safety devices are incorporated to protect the motor against overload

and to sense incipient package jams stopping the conveyor. An audio signal

warns the operator that the conveyor is about to start.

3.2 Functional block diagram. The following block diagram and block

diagram sub-systems provide the structural data for the FMEA.

Number 100 - Vertical conveyor system

Number 10 - Drive system

Number 20 - Structure

Number 30 - Operating system

Number 40 - Control system

Number 50 - Safety devices

Number 60 - Load/unload devices

The functional interrelationships between these devices and

sub-systems is shown on Figure No. 1.

3.2.1 Sub-System number-l0 - Drive system

The drive system powers the conveyor thru a chain and sprocket system.

The drive sprocket and chain are considered part of the drive system. The

rest of the system consists of:

Number 10.1 - Base plate

Number 10.2 - Motor

Number 10.3 - Torque limiter

Number 10.4 - Reducer

Number 10.5 - Brake

Number 10.6 - Jack shaft coupling

3-



Number 10.7 - Jack Shaft

Number 10.8 - Pillow block bearing

Number 10.9 - Drive sprockets & keys

Number 10.10 - Drive chain

Number 10.11 - Drive chain take-up

The drive system may be back, left side or right side mounted - as

selected by the procuring activity. The functional interrelationship between

the components of the drive system is shown on Figure No. 2.

3.2.2 Sub-System number 20 - Structure

The structure consists of the conveyor trunk or frame, door frames

and doors, and various internal shields. The trunk or frame is the basic

supporting and mounting structure for the drive sysrmu and all operating elements.

The door frame is fastened to the trunk (not the frame of frame types) and

supports the door hinging and "dogging" mechanism. A variety of shieldsare included

as "structure" although they do not contribute to conveyor support. These

shields guard the package area and the operating mechanism. The structure

consists of:

Number 20.1 Trunk (or frame)

Number 20.2 Door framing

Number 20.3 - Shields

3.2.2.1 The main structure or trunk of the conveyor is sized to adequateiy

support the drive system, operating system, shieldsp door frames and operating

loads. The trunk is also sized to withstand whatever water pressure head is

specified by the procuring activity. The trunk is permanently welded to the

ship's deck and becomes a part of the shipsstructure. The trunk consists of

welded plates forming a rectangular box of ' length necessary to service the

deck levels specified. The shields are formed sheet steel bolted or welded

to the trunk by suitable supports and/or bracketry. Door frames are welded
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to the outside of the trunk at the deck levels serviced. The Contractor is

not planning to perform failure modes and effects analysis on the Structure

Sub-system.

3.2.3 Sub-system Number 30 - Operating System

The operating system consists of those parts which lift and lower

the loads. The loads are positioned on "carriers" attached to a "carrier chain"

supported by head and tail sprockets. The carriers operate in tracks which

guide the carriers and which tilt the carriers from the horizontal flat

position for load carrying to the vertical position for return at the back of

the conveyor. The load area is separated from the return area by back shields

The operating system consists of:

Number 30.1 - Head cam plate

Number 30.2 - Head shaft

Number 30.3 - Head shaft bearings

Number 30.4 - Head bearing housing

Number 30.5 - Head shaft sprocket

Number 30.6 - Carrier chain section

Number 30.7 - Carrier link

Number 30.8 - Chain pin

Number 30.9 - Carrier shaft

INumber 30.10 Guide arm

Number 30.11 - Guide arm cap

Number 30.12 - Cam follower flanged

Number 30.13 - Cam follower

Number 30.14 - Carrier

Number 30.15 - Front track

Number 30.16 - R~dirtrack

Number 30.17 - Tail cam plate

7-7-



Number 30.18 - Tail carrier sprocket

Number 30.19 - Tail sprocket bearings

Number 30.20 - Chain take-up

Number 30.21 - Head driven sprocket

The functional interrelationship between the components of the

operating system is shown on Figure No. 3.

3.2.4 Sub-system Number 40 - Control System

The control systems consists of the controller, the master station,

the machinery area station and intermediate control stations located at each

shipts level serviced by the conveyor. The controller passes ships power at

440 Volts, 3-phase, 60 hertz through relays to the conveyor motor and brake.

The relays are operated by the master, machinery and intermediate stations

to start or stop the conveyor. The master station selects which of the

stations will be in control, the speed of the conveyor, and, the direction of

motion - up or down. The machinery station is equipped with a jog switch

allowing intermittent motion of the conveyor in either the up or down direction

to facilitate maintenance and repair. Safety devices (see par. 3.2.5) operate

to stop the conveyor by interrupting power to the motor and brake. The brake

is "fail safe" in that the brake is "on" when the power is "off". Both the

motor and the brake will be analyzed as part of the Drive System (Number 10);

they are included here to complete the electrical circuitry diagram. Elements

of the Control system are:

Number 40.1 - Controller

Number 40.2 - Master station

Number 40.3 - Machinery station

Number 40.4 - Intermediate station(s)

The functional interrelationship between the elements of the

control system is shown in Figure No. 4.
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h30.5

Head shaft
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FIGURE NO. 3 Third indentured level functional
block diagram for operating system
(Number 30)
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Io
3.2.4.1 Controller. The controller performs the function of housing the

3-speed motor reversing starter, the instant overload relay (IOL) and by-

pass timer, the thermal overload device, the emergency run button, the audio

signa! timer, three relays activated by the safety devices (Number 50, par. 3.2.5),

and three relays activated by Lhe speed selector switch (Number 40.2, par. 3.2.4).

The controller receives ship's power and, at the command of the controlling

stations and the safety devices, turns the motor on or off. The controller

is usually mounted in a secure but accessible location either on the ship's

bulkhead or on the trunk of the conveyor. All elements of the controller are

replaceable. These elements consist of:

Number 40.1.1 - 3-speed reversing starter

Number 40.1.2 - Thermal overload device

Number 40.1.3 - Emergency run switch

Number 40.1.4 - Instant overload relay (IOL)

Number 40.1.5 - IOL by-pass timer

Number 40.1.6 - 440V to 11OV transformer

Number 40.1.7 - Ist speed relay

Number 40.1.8 - 2nd speed relay

Number 40.1.9 - 3rd speed relay

Number 40.1.10 - Wver-the-door jam sensing relay

Number 40.1.11 - Loader/unloader interlock
and jam sensing relay

Number 40.1.12 - Door interlock relay

Number 40.1.13 - Audio signal timer

The functional interrelationships between these elements, the

safety devices, and the control system is shown in Figure No. 5.

-11
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3.2.4.2 Number 40.2 Master control station. The master control station

performs the function of turning power on to power itself and all other stations.

Power "on" is indicated by a green light. The master control station also

selects one of three motor speeds, the direction of motion, and, which station

will control the conveyor. All elements are replaceable. The master control

station is usually mounted on the conveyor trunk, at the main deck level.

Elements consist of:

Number 40.2.1 - Power on/off selector switch

Number 40.2.2 - Three position speed selector switch

Number 40.2.3 - Two position conveyor motion switch

(up/down)

Number 40.2.4 - One or more three position station selector

switches

3.2.4,3 Number 40.3 - Machinery station. The machinery station is located in

the machinery area to enable maintenance and repair personnel to operate the

conveyor. All elements are replaceable. This station is equipped with:

Number 40.3.1 - Green power - on light

Number 40.3.2 - Start button

Number 40.3.3 - Stop/run switch

Number 40.3.4 - Jog switch

3.2.4.4 Number 40.4 - Intermediate stations. All intermediate stations are

identically equipped and are the same as the machinery station except they

have no Jog switch. Functions are to start and to stop the conveyor during

strike-up operation or should an emergency arise. Any intermediate station

can stop the conveyor; all stop/run switches must be in the run position for

the conveyor to operate.
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3.2.5 Sub-System number 50 - Safety devices

Safety devices may be considered in the following general categories:

1) motor protection

2) personnel protection

3) protection against conveyor damage due to

jamming

Following is a brief description of each safety device identifying

function and the category Into which the safety device fits.

Number 50.1 - Instantaneous overload - motor protection -

allows an initial amperage surge for start-up -

cuts off power if following amperage surges

exceed a pre-set value.

Number 50.2 - Thermal overload - motor protection - cuts off

power if motor amperage develops sufficient

heat to exceed a pre-set value.

Number 50.3 Audio signal - personnel protection - sounds an

audio signal at each level warning personnel

that the conveyor is about to start - operates

automatically for 2 to 3 seconds after the start

action has been initiated but before the conveyor

actually runs.

Number 50.4 - Brake - personnel protection - stops the conveyor

within narrow limits whenever power is cut-off.

Prevents the conveyor from back-traveling even

though the conveyor is equipped with a non-

overhauling reducer.

- 14-



Number 50.5 Bottom overtravel - conveyor protection -

prevents packages passing through and jamming

at the bottom of the conveyor - senses

incipient jamming - operates during strike-down

only.

Number 50.6 Loader/unloader interlock - conveyor protection -

prevents strike-down operation should the loader/

unloader be in the horizontal load position

instead of the tilted, unload, position -

operates during strike-down.

Number 50.7 - Loader/unloader jam sensing - conveyor protection -

stops the conveyor should a down coming tray strike

a package not completely ejected after the package

has depressed the loader/unloader a pre-set

distance - senses incipient Jamning - operates

during strike-down.

Number 50.8 - Door interlock - conveyor protection - prevents

strike-down operation unless the door at the

unload station is fully open.

Number 50.9 - Top overtravel - conveyor protection prevents

packages passing through and jamning at the top

of the conveyor - senses incipient jamming -

operates during strike-up only.

Number 50.10 - Over-the-door-jam sensing - conveyor protection -

stops the conveyor if disturbed by a misplaced

package - most effective in preventing package

jarmming between the tray and the upper door

coaming-senses incipient jamming - operates during

strike-up and strike-down.

-15
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Number 50.11 - Torque limiter - conveyor protection - set to

slip at 110 to 115% of total load - operates

continuously - will prevent conveyor and motor

damage should all other devices fail.

The functional interrelationships between the safety devices are

shown on Figure No. 6.

3,2.6 Sub-System Number 60 - Load/unload devices

Load/unload devices are supplied to enable the operators to

conveniently load and unload packages into and out-of the conveyor. They

may be positioned in one of three ways:

Load - horizontal to enable operators to place packages on

the fingers of the load/unload device. The fingers

of the tray pass between the fingers of the load/unload

device and pick-up the package,carrying the package up.

A safety interlock (Figure 4, 50.6) prevents strike-

down operation when the load/unload device is in the "load"

position. Usually simple wheel type conveying sections

are hooked-to the load/unload device so that packages

may be rapidly on-loaded.

Unload - tilted about 300 from the horizontal. Packages carried

by the trays strike the fingers of the load/unload

device and slide out of the load area of the conveyor.

Usually simple wheel type conveying sections are hooked-to

the load/unload device so that packages may be rapidly

removed from the door opening. A door interlock

(Figure 4, 50.8) is included at each serviced level

to assure that the door is fully open at the unload

station before the conveyor will operate in the

- 17 -



strike-down mode.

Stowed - vertical either up or down. When the load/unload device

is in the stowed downward position, loads may be unloaded

from that station during strike-up operation. At times

it is preferable to stow the load/unload device 
in the

upward position where it acts as a personnel guard.

Stowing upward or downward is an option of the

procuring activity.

The load/unload device incorporates two additional safety featuress

one - the fingers of the load/unload device are spring loaded

and are capable of being depressed should a downcoming

tray strike and press against a package inadvertently

not removed from the package area. As the fingers of

the load/unload device depress a micro-switch is activated

which immediately cuts-off conveyor power.

two - the load/unload device is arranged to "hinge" when the

device is in the load or unload positions. Thus, in

the event packages strike the bottom of the load/unload

device, the device will hinge upward and toward the door

opening, out of the way of the upcoming package.

The functional interrelationship between the elements of the load/unload

device is shown in Figure No. 7. These elements consist of:

Number 60.1 - Platform

Number 60.2 - Mtg. and stowing bracket R.H.

Number 60.3 - Mtg. and stowing bracket L.H.

Number 60.4 - Platform depress mechanism L.H.

Number 60.5 - Platform depress mechanism R.H.

Number 60.6 - Cross shaft

Number 60.7 - Interlock microswitch

Number 60.8 - Jam sensing microswitch

-18-
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4. FMEA LIST

4.1 The list of items recommenoed for FMEA application is composed of

all items listed in the following paragraphs:

Paragraph: 3.2.1

Paragraph: 3.2.3

Paragraph: 3.2.4.1

Paragraph: 3.2.4.2

Paragraph: 3.2.4.3

Paragraph: 3.2.5

Paragraph: 3.2.6

5. FMEA DEPTH

5.1 The FMEA analysis will be performed on each major assembly and

sub-assembly of the functional systems identified in paragraph 3.2, to the

depth necessary to identify replaceable parts and components composing the

assemblies and sub-assemblies.

6. FAILURE MODES

6.1 The Contractor analyzed data supplied by the Navy's Maintenance Support

Office (MSO) Material History Report, MSO No. 479052704.A07, Volumes I and 2.

This data covered 10 manufacturers of vertical stores conveyors during the

period between January 1, 1970 thru April 1972 (2-1/3 years). The data described

failures which occuzredon 132 vertical stores conveyors ranging in capacity from

85 to 4,000 pounds per tray. The Contractor's report provided a statistical

interpretation of this data and included a "corrective action plan". The

report titled,"Reliability Studies Including Corrective Action Plan for Vertical

Package Conveyor" was submitted to NAVSEC August 10, 1972. To the Contractor's

knowledge no more valid source of data identifying the failures occutring to

parts and systems of vertical stores conveyors is anywhere else available.
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6.2 The report identified above provides a valid statistical base for the

selecting failure modes. The FMEA alysis, which will be performed as required

by CDRL item BOOLAH, will analyze each item, system, or sub-system, of paragraph

4.1 and will use the work sheet shown as Figure 2 of MIL-STD-1629 (Ships) as

the basic analysis tool. Failure modes for each of the items selected for

analysis will be provided in the FMEA report.

7. CRITERIA FOR IDENTIFYING CRITICAL ITEMS

7.1 Criticality of the effect of item failure will be established using

the techniques outlined in MIL-STD-1629 (Ships), par. 5.11 and 5.11.1.

7.1.1 Criticality is defined as the combination of probability of occurrence

and the level of severity. A criticality matrix will be used as the means of

identifying and comparing each failure mode to all other faLlure modes with

respect to the ship's mission and the items functional output and maintenance.

7.l.l. Severity is classified as foilows: (MIL-STD-1629 SHIPS* par. 5.9.1)

(a) Level IL minor. Characterized by any one or combinations of the

following conditions:

(1) No effect onlehip's mission capability.

%'2) Negligible effect on functional output of the item at the

initial indenture level.

(3) Other indenture level item degradation that can be repaired

by performing "adjustment type" maintenance.

(b) Level 2L MJor. Characterized by any one or combinations of the

following conditions:

(1) Negligible effect on ship's mission capability.

(2) Degradation in functional output of the item at the initial

indenture level.

(3) Other indenture lev.l item failure that can be repair-rd

immediately within the capability of organization level

maintenance.
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(c) Level 3, critical. Characterized by any one or combinations

of the following conditions:

(I) Some degradation in ship's mission capability.

(2) Severe reduction in functional output of the item at the

initial indenture level.

(3) Other indenture level item failure that cannot be repaired

immediately within the capability of organizational

(shipboard) level maintenance.

(d) Level 4. catastrophic. Characterized by any one or combinations

of the following conditions:

(1) Severe reduction in ship's mission capability.

(2) Complete functional output loss of the item at the initial

indenture level.

(3) Other indenture level item failure requiring tender or depot

maintenance repair.

The level of severity selected shall be the highest level an item falls under,

regardless of whether a lower classification is also applicable.

7.1.1.2 Failure probability shall be assessed in both quantitative and

qualitative terms (MIL-STD-1629 (SHIPS), par. 5.10, 5.10.1, 5,10,2, 5.10.2.1

and 5.10.2.2).

Failure probability level guidlines.

Qualitative. The following sample guidelines are suggested for developing

definitions for failure probability levels in qualitative terms:

(a) Level 1 - Failure mode probability verv low. A negligible chance

of occurrence during the item operating time interval.

(b) Level 2 - Failure mode probability low. An unlikely chance of

occurrence during item operating time interval.

(c) Level 3 - Failure mode probability medium. A random fifty/fifty

chance of occurrence during item operating time interval.
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(d) Level 4 - Failure mode probability high. A likely change of

occurrence during the item operating time interval.

Quantitative. The following sample guidelines are suggested for

developing definitions for failure probability levels in quantitative terms:

(a) Level 1 (very low). Any single failure mode probability of

occurrence which is less than 0.01 of the overall probability of

failure during the item operating time interval.

(b) Level 2 (low). Any single failure mode probability of occurrence

which is more than 0.01 but less than 0.10 of the overall

probability of failure during the item operating time interval.

(c) Level 3 (medium). Any single failure mode probability of occurrence

which is more than 0.10 but less than 0.20 of the overall

probability of failure during the item operating time interval.

(d) Level 4 (high). Any single failure mode probability of occurrence

which is more than 0.20 of the overall probability of failure during

the item operating time interval.

These recommended definitions shall be modified or expanded as necessary,

depending on the system or equipment being analyzed and the amount of failure

data available for the type of hardware involved.

2 3
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8. FMEA ITEM SELECTION RATIONAL

8.1 The items selected for FMEA analysis were selected based on the

following rational:

(a) any item the failure of which would prevent conveyor operation,

(b) any item the failure of which would affect the operation of

another system or sub-system. Example: failure of the loader/

unloader micro-switch jam sensing switch would not prevent or

interfere with conveyor operation. However, should a 4am occur,

the micro-switch would fail to operate and serious damage could

result since motor current would continue until either

- cut-off by the IOL,

- cut-off by the thermal
overload protection device

Failure of these systems to function would eventually force the

torque limiter to slip.

(c) any item the failure of which should be repaired to continue

efficient conveyor operation or to minimize the possibility of

eventual damage or wear to other systems, sub-systems or components.

Example: freeze-up of a guide arm cam follower. By itself this

failure is not overly detrimental, however, the frozen bearing

would slide instead of roll along the track causing eventual wear

to the track and bottom and top cam plates. Additional power

would be required. If enough cam followers failed, wear would

be rapid and power would exceed the limits of the IOL or thermal

overload causing these devices to cut motor current.
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Introduction

This Failure and Effects Analysis Report has been prepared

by the Kornylak Corporation, 400 Heaton Streetp Hamilton, Ohio 45211

as a response to Contractor Data Requirement List Item B001AH of

USN Contract N00024-72-C-5500.

The report covers the modes and effects of potential failure

of significant parts, components, sub-assemblies and assemblies designed

for incorporation into a "hi-reliability" vertical stores conveyor per

contractural specification Ships-C-5552. Specifically this report has

been prepared in accord with paragraphs 3.2.5, 3.2.5.1 and 3.2.5.2 of

Ships-C-5552. The format of the report relies on MIL-STD-1629 titled

"Procedures for Performing a Failure and Effects Analysis for Shipboard

Equipment" provided to the contractor by Naval Ships Engineering Center

for this purpose.

.
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Failure Modes and Effects Analysis Report

1. SCOPE

1.1 The Failure Modes and Effects Analysis (FMEA) Report

contains:

(a) A narrative functional description of the

vertical stores conveyor.

(b) A functional block diagram*

(c) An indentured block diagram detailed down

to the indentured level which will identify

replaceable parts or components.

(d) A list of the items recommended for FMEA

application.

(e) An outline of the depth of which FMEA will be

applied within each assembly and sub-assembly.

(f) A description of the type of failure modes

associated with each item selected for FMEA

application.

(g) A description of the criteria to be used for

identifying critical items (MIL-STD-1629 [Ships]

will be used as applicable).

(h) The rationale for selecting the items and

associated failure modes for FMEA.

(i) A complete FMEA of the vertical stores conveyor

including analysis, working papers, criticality matrix

and criticality tabulation.

2. APPLICABLE DOCUMENTS

2.1 To the extent applicable, the following documents will be

used to prepare and support this report:



Standards:

MIL-STD-470 - Maintainability Program Requirements

(for Systems and Equipment)

MIL-STD-785 - Reliability Program for Systems and

Equipment Development and Production

MIL-STD-1629 - Procedures for Performing a Failure
(Ships)

Mode and Effect Analysis for Shipboard

Equipment

Reports:

"Reliability and Maintainability Program Plans -

Final" (prepared by Kornylak Corporation and submitted

January 28, 1975 under CDRL Item BO01AA of USN Contract

N00024-72-C-5500),

"Reliability Studies Including Corrective Action Plan

for Vertical Package Conveyor" (prepared by Kornylak

Corporation and submitted August 10, 1972 under CDRL

Item AOO1AG-l of USN Contract N00024-72-C-5500).

FMEA Selection and Criteria Report (prepared by Kornylak

Corporation and submitted April 10, 1975 under CDRL

Item B001AB of USN Contract N00024-72-C-5500)o

3. EQUIPMENT DESCRIPTION AND FUNCTIONAL BLOCK DT.AtAM

3.1 Narrative Functional Description. The vertical stores

conveyor is used to convey goods and stores from one ship's

level to another. The conveyor is equipped with vertically

moving trays to carry packages weighing up to 100 pounds in

size and up to 36 inches wide by 24 inches deep by 36 inches
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high. Each load station is equipped with platforms that

can be positioned to mechanically eject packages at that

load station; these devices can also be positioned as a

load platform to position loads for pick-up during strike-

up operation. Speed of operatio,. can be selected at eight,

10.7 and 16 trays per minute. The machine is electrically

motor-driven through a non-overhauling reducer. An electrical

brake is used to stop conveyor motion. The conveyor is control-

led through a series of push-button stations located at each

load station. The function of turning power "on" and

selecting conveyor speed is located at the "Controller" which

also houses the starting relays, safety relays and other

electrical equipment. Safety devices are incorporated to

protect the motor against overload and which sense incipient

package jams in order to stop the conveyor. An audio signal

warns the operator that the conveyor is about to start.

3.2 Functional Block Diagram. The following block diagram and

block diagram sub-systems provide the structural data for

the FMEAg

Number 100 Vertical Conveyor System

Number 10 Drive System

Number 20 Structure

Number 30 Operating System

Number 40 Control System

Number 50 Safety Devices

Number 60 Load/Unload Devices

The functional interrelationships between these devices and

sub-systems is shown on Figure No. 1.
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3.2.1 Sub-system Number 10 - Drive System. The drive system powers

the conveyor through a chain and sprocket system. The drive

sprocket and chain are considered part of the drive system.

the rest of the system consists of:

Number 10.1 Base Plate

Number 10.2 Motor

Number 10.3 Torque Limiter

Number 10.4 Reducer

Number 10.5 Brake

Number 10.6 Jack Shaft Coupling

Number 10.7 Jack Shaft

Number 10.8 Pillow Block Bearing

Number 10.9 Drive Sprockets and Keys

Number 10o10 Drive Chain

Number 10.11 Drive Chain Take-up

The drive system may be mounted on the back, left side or

right side - as selected by the procuring activity. The

functional interrelationship between the components of the

drive system is shown on Figure No. 2.

3.2.2 Sub-system Number 20 - Structure. The structure consists of

the conveyor trunk or frame, door frames and doors, and various

internal shields. The trunk or frame is the basic supporting

and mounting structure for the drive system and all operating

elements. The door frame is fastened to the trunk (not the

frame of frame types) and supports the door hinging and

"dogging" mechanism A variety of shields are included as

"structure" although they do not contribute to conveyor

support. These shields guard the package area and the
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operating mechanism. The structure consists of:

Number 20.1 Trunk (or Frame)

Number 20.2 Door Framing

Number 20.3 Shields

3.2.2.1 The main structure or trunk of the conveyor is sized to

adequately support the drive system, operating system,

shields, door frames and operating loads. The trunk is

also sized to withstand whatever water pressure head is

specified by the procuring activity. The trunk is permanently

welded to the ship's deck and becomes a part of the ship's

stwicture. The trunk consists of welded plates formfng a

rectangular box of a length necessary to service the

deck levels specified. The shields are formed sheet

steel bolted or welded to the trunk by suitable supports

and/or bracketry. Door frames are welded to the outside

of the trunk at the deck levels serviced. The Contractor

is not planning to perform failure modes and effects

analysis on the Structure Sub-system except in compliance

with NAVSEC letter Ser. #367 dated 21 Nay 1973,

paragraphs 1.b(2) and (3). (Note: paragraph 1-b(1)

is a shipyard installation problem beyond the Contractor's

control).

3.2.3 Sub-system Number 30 - Operating System. The operating

system consists of those parts which lift and lower the

loads. The loads are positioned on "carriers" attached to

a "carrier chain" supported by head and tail sprockets.

The carriers operate in tracks which guide the carriers

and which tilt the carriers from the horizontal flat
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position for load carrying to the vertical position for

return at the back of the conveyor. The load area is

separated from the return area by back shields* The

operating system consists of:

Number 30.1 Head Cam Plate

Number 30.2 Head Shaft

Number 30.3 Head Shaft Bearings

Number 30.4 Head Bearing Housing

Number 30.5 Head Shaft Sprocket

Number 30,6 Carrier Chain Section

Number 30.7 Carrier Link

Number 30.8 Chain Pin

Number 30.9 Carrier Shaft

Number 30.10 Guide Arm

Number 30.11 Guide Arm Cap

Number 30.12 Cam Follower - Flanged

Number 30.13 Cam Follower

Number 30.14 Carrier

Number 30.15 Front Track

Number 30.16 Rear Track

Number 30.17 Tail Cam Plate

Number 30.18 Tail Carrier Sprocket

Number 30.19 Tail Sprocket Bearings

Number 30.20 Chain Take-up

Number 30.21 Head Driven Sprocket

The functional interrelationship between the components of

the operating system is shown on Figure No. 3.

3.2.4 Sub-system Number 40 - Control System. The control systems

consist of the Controller and intermediate control stations
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located at each ship's level serviced by the conveyor and

in the machine area. The Controller passes ship's power at

440 Volts, three-phase, 60 hertz through relays to the motor

and brake. The relays are operated by controls at the inter-

mediate stations to start or stop the conveyor. Switches

located in the Controller turn power on or off to the control

stations and select the speed of the conveyor. Safety

devices (see paragraph 3.2.5) operate to stop the conveyor

by interrupting power to the motor and brake. The brake is

"fail safe" in that the brake is "on" when the power is "off".

Both the motor and the brake will be analyzed as part of

the Drive System (Number 10); they are included here to

complete the electrical circuitry diagram. Elements of the

Control System are:

Number 40.1 Controller

Number 40.2 Controller Station

Number 40.3 Intermediate Station (s)

The functional interrelationship between the elements of the

control system is shown in Figure No. 4.

3.2.4.1 Contrller. The Controller performs the function of housing

the three-speed motor reversing starter, the instant over-

load relay (IOL) and by-pass timer, three relays activated

by the safety devices (Number 50, paragraph 3.2.5), and three

relays activated by the speed selector switch (Number 40.2.2t

paragraph 3.2.4.2). The Controller receives ship's power and,

at the command of the controlling stations and the safety devices,

turns the motor on or off. The Controller is usually mounted

in a secure but accessible location either on the ship's
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bulkhead or on the trunk of the conveyor. All elements of

the Controller are replaceable. These elements consists of:

Number 40.1.1 Three-speed Reversing Starter

Number 40.1.2 Thermal Overload Device

Number 40.1.3 Instant Overload Relay (IOL)

Number 40.1.4 IOL By-pass T~mer

Number 40.1.5 440 Volt to 110 Volt Transformer

Number 40.1.6 First Speed Relay

Number 40.1.7 Second Speed Relay

Number 40.1.8 Third Speed Relay

Number 40.1.9 Over-the-door Jam Sensing Relay

Number 40.1.10 Loader/Unloader Interlock and Jam

Sensing Relay

Number 40.1.11 Audio Signal Timer

The functional interrrelationships between these elements,

the safety devicesp and the control system is shown in

Figure No. 5.

3.2.4.2 Number 40.2 - Controller Station. The Controller station

performs the function of turning power "on" to power all other

stations. Power "on" is indicated by a red light. This

station also houses the three-speed selector switch and the

emergency run switch. All elements are replaceable. The

emergency run switch by-passes the instantaneous overload and

the thermal overload protecting the motor to allow emergency

operation of the conveyor. Elements consist of:

Number 40.2.1 Power On/Off Selector Switch

Number 40.2.2 Three-position Speed Selector Switch

Number 40.2.3 Power "On" Light (Red)
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Number 40.2.4 Emergency Run Switch

3.2.4.3 Number 40.3 - Intermediate Stations. All intermediate

stations are identically equipped; an intermediate station

is located in the machinery area to enable maintenance

personnel to operate the conveyor. The intermediate stations

function to designate conveyor directionj up or down, and

to stop the conveyor in the event of an emergency. Any

intermediate station can stop the conveyor; all "stop/on"

switches must be in the "on" position for the conveyor to

operate.

Number 40.3.1 Power "On" Light (Green)

Number 40.3.2 Stop Push - On Pull (Red Light

on Stop)

Number 40.3.3 Up Push Button

Number 40.3.4 Down Push Button

3.2.5 Sub-system Number 50 - Safety Devices. Safety devices may

be considered in the following general categories:

(1) Motor Protection

(2) Personnel Protection

(3) Protection Against Conveyor Damage Due

To Jamming

Following Is a brief description of each safety device

identifying function and the category into which the

safety device fits.

Number 50.1 - Instantaneous overload - motor protection -

allows an initial amperage surge for start-

up - cuts off power if following amperage

surges exceed a pre-set value.
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Number 50.2 - Thermal overload - motor protection -

cuts off power if motor amperage develops

sufficient heat to exceed a pre-set value.

Number 50.3 - Audio signal - personnel protection -

sounds an audio signal at each level

warning personnel that the conveyor is

about to start - operates automatically

for two to three seconds after the start

action has been initiated but before the

-conveyor actually runs.

Number 50.4 - Brake - personnel protection - stops the

conveyor within narrow limits whenever

power is cut off. Prevents the conveyor

froru back-traveling even though the

conveyor is equipped with a non-overhauling
reducer*

Number 50.5 - Bottom overtravel - conveyor protection -

prevents packages passing through and

jamming at the bottom of the conveyor -

senses incipient Jamming - operates during

strike-down only.

Number 50.6 - Loader/Unloader interlock - conveyor

protection - prevents strike-down operation

should the loader/unloader be in the horizontal

load position instead of the tilted, unload,

position - operates during strike-down.

Number 50.7 - Loader/Unloader jam sensing - conveyor

protection - stops the conveyor should a down

coming tray strike a package not completely
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ejected after the package has depressed

the loader/unloader a pre-set distance -

senses incipient jamming - operates during

strike-down.

Number 50.8 - Top overtravel - conveyor protection-prevents

packages passing through and jamming at the

top of the conveyor - senses incipient

jamming - operates during strike-up only.

Number 50.9 - Over-the-door-jam sensing - conveyor

protection - stops the conveyor if disturbed

by a misplaced package - most effective in

preventing package jamming between the tray

and the upper door coaming - senses

incipient jamming - operates during strike-

up and strike-down.

Number 50.10 - Torque limiter - conveyor protection - set

to slip at 110 to 115% of total load -

operates continuously - will prevent conveyor

and motor damage should all other devices fail.

The functional interrelationships between the safety devices

are shown on Figure No. 6.

3.2.6 Sub-system Number 60 - Load/Unload Devices. Load/Unload

devices are supplied to enable the operators to conveniently

load and unload packages into and out of the conveyor. They

may be positioned in one of three ways:

Load - horizontal to enable operators to place packages

on the fingers of the load/unload device. The

fingers of the tray pass between the fingers of the
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load/unload device and pick up the package,

carrying the package up. A safety interlock

(Figure 6, 50.6) prevents strike-down operation

when the load/unload device is in the "load"

position. Usually simple wheel type conveying

sections are hooked to the load/unload device

so that packages may be rapidly on-loaded.

Unload - Tilted about 30 degrees from the horizontal.

Packages carried by the trays strike the fingers

of the load/unload device and slide out of the

load area of the conveyor. Usually simple wheel

type conveying sections are hooked to the load/unload

device so that packages may be rapidly removed from

the door opening.

Stowed - Vertical either up or down. When the load/unload

device is in the stowed downward position, loads

may be unloaded from that station during strike-

up operation. At times it is preferable to stow the

load/unload device in the upward position where it

acts as a personnel guard. Stowing upward or downward

is an option of the procuring activity.

The load/unload device incorporates two additional safety

features:

One - The fingers of the load/unload device are spring

loaded and are capable of being depressed should a

downcoming tray strike and press against a package

inadvertently not removed from the package area. As
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the fingers of the load/unload device depress a

micro-switch is activated which immediately cuts

off conveyor power.

Two - The load/unload device is arranged to "hinge" when

the device is in the load or unload positions.

Thus, in the event packages strike the bottom of the

load/unload device, the device will hinge upward and

toward the door opening, out of the way of the upcoming

package.

The functional interrelationship between the elements of the

load/unload device is shown in Figure No. 7. These elements

consist of:

Number 60.1 Platform

Number 60.2 Mtg. and Stowing Bracket R.H.

Number 60.3 Mtg. and Stowing Bracket L.H*

Number 60.4 Platform Depress Mechanism L.H.

Number 60.5 Platform Depress Mechanism R.H.

Number 60.6 Cross Shaft

Number 60.7 Interlock Microswitch

Number 60.8 Jam Sensing Microswitch

4. FMEA LIST

4.1 The list of items recomended for FTEA application is composed
H

of all items listed in the following paragraphs:

Paragraph: 3.2.1

Paragraph: 3.2.2

Paragraph: 3.2.3

Paragraph: 3.2.4.1

Paragraph: 3.2.4.2

-13-



Paragraph: 3.2.4.3

Paragraph: 3.2.5

Paragraph 3.2.6

5. FHEA DEPTH

5.1 The FMEA analysis will be performed on each major assembly

and sub-assembly of the functional systems identified in

Paragraph 3.2, to the depth necessary to identify replaceable

parts and components composing the assemblies and sub-assemblies.

6. FAILURE MODES

6.1 The Contractor analyzed data supplied by the Navy's Maintenance

Support Office (MSO) Material History Report, MSO No. 479052704.A07,

Volumes 1 and 2. This data covered 10 manufacturers of vertical

stores conveyors during the period between January 1, 1970

through April, 1972 (2-1/3 years). The data described failures

which occurred on 132 vertical stores conveyors ranging in

capacity from 85 to 4,000 pounds per tray. The Contractor's

report provided a statistical interpretation of this data and

included a "corrective action plan"o The report titled,

"Reliability Studies Including Corrective Action Plan for

Vertical Package Conveyor" was submitted to NAVSEC August 10, 1972.

To the Contractor's knowledge no more valid source of data

identifying the failures occurring to parts and systems of

vertical stores conveyors is anywhere else available.

6.2 The report identified above provides a valid statistical base

for the selecting failure modes. The FMEA analysis, which will

be performed as required by CDRL Item B001AH, will analyze each

item, system, or sub-system, of paragraph 4.1 and will use the

work sheet shown as Figure 2 of MIL-STD-1629 (Ships) as the
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basic analysis tool. Failure modes for each of the items

selected for analysis will be provided in the FMEA report.

7. CRITERIA FOR IDENTIFYING CRITICAL ITEMS

7.1 Criticality of the effect of item failure will be established

using the techniques outlined in MIL-STD-1629 (Ships),

paragraph 5.11 and 5.11.1.

7.1.1 Criticality is defined as the combination of probability of

occurrence and the level of severity. A criticality matrix

will be used as the means of identifying and comparing each

failure mode to all other failure modes with respect to the

ship's mission and the items functional output and maintenance.

7.1.1.1 Severity is classified as follows: (MIL-STD-1629 SHIPS,

paragraph 5.9.1)

(a) Level 1, Minor. Characterized by any one or

combinations of the following conditions:

(1) No effect on ship's mission capability.

(2) Negligible effect on functional output of the

item at the initial indenture level.

(3) Other indenture level item degradation that

can be repaired by performing "adjustment

type" maintenance.

(b) Level 2, Major. Characterized by any one or

combination of the following conditions:

(1) Negligible effect on ship's mission capability.

(2) Degradation in functional output of the item

at the initial indenture level.

(3) Other indenture level item failure that can

be repaired immediately within the capability
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of organization level maintenance.

(c) Level 3, Critical. Characterized by any one or

combination of the following conditions:

(1) Some degradation in ship's mission

capability.

(2) Severe reduction in functional output of

the item at the initial indenture level.

(3) Other indenture level item failure that

cannot be repaired immediately within the

capability of organizational (shipboard)

level maintenance.

(d) Level 4, Catastrophic. Characterized by any one

or combination of the following conditions:

(1) Severe reduction in ship's mission capability.

(2) Complete functional output loss of the item at

the initial indenture level.

(3) Other indenture level item failure requiring

tender or depot maintenance repair.

The level of severity selected shall be the highest level an

item falls under, regardless of whether a lower classification

is also applicable.

7.1.1.2 Failure probability shall be assessed in both quantitative

and qualitative terms (MIL-STD-1629 [SHIPS], paragraphs 5.10,

5.10.1, 5.10.2, 5.10.2.1 and 5.10.2.2).

Failure Probability Level Guidlines

Qualitative. The following sample guidelines are suggested

for developing definitions for failure probability levels

in qualitative terms:
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(a) Level I - Failure mode probability very low.

A negligible chance of occurrence during the

item operating time interval.

(b) Level 2 - Failure mode probability low. An

unlikely chance of occurrence during item

operating time interval.

(c) Level 3 - Failure mode probability medium. A

random fifty/fifty chance of occurrence during

item operating time interval.

(d) Level 4 - Failure mode probability high. A

likely chance of occurrence during the

item operating time interval.

Quantitative. The following sample guidelines are suggested

for developing definitions for failure probability levels

in quantitative terms:

(a) Level I - Very low. Any single failure mode

probability of occorrence which is less than 0.01

of the overall probability of failure during the

item operating time interval.

(b) Level 2 - Low. Any single failure mode probability

of occurrence which is more than 0.01 but less than

0.I0 of the overall probability of failure during

the item operating time interval.

(c) Level 3 - Medium. Any single failure mode probability

of occurrence which is more than 0.10 but less than

0.20 of the overall probability of failure during

the item operating time interval.

(d) Level 4 - High. Any single failure mode probability
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of occurrence which is more than 0.20 of the

overall probability of failure during the item

operating time interv.l.

These recon ended definitions shall be modified or expanded

as necessary, depending on the system or equipment being

analyzed and the amount of failure data available for the type

of hardware involved.

8. FMEA ITEM SELECTION RATIONALE

8.1 The items selected for FHEA analysis were selected based on

the following rationale:

(a) any item the failure of which would prevent conveyor

operation,

(b) any item the failure of which would affect the operation

of another system or sub-system. Example: failure of

the loader/unloader microswitch jam sensing switch would

not prevent or interfere with conveyor operation.

However, should a jam occur, the microswitch would fail

to operate and serious damage could result since motor

current would continue until either

- cut-off by the IOL,

- cut-off by the thermal overload protection device.

Failure of these systems to function would eventually force

t}'e torque limiter to slip,

(c) any item the failure of which should be repaired to

continue efficient conveyor operation or to minimize the

possibility of eventual damage or wear to other systems,

sub-systems or components. Example: freeze-up of a guide

arm cam follower. By itself this failure is not overly
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; detrimc;atal, however, the frozen bearing would slide

instead of roll along the track causing eventual wear

to the track and bottom and top cam plates. Additional

power would be required. If enough cam followers failed,

wear would be rapid and power would exceed the limits of

the IOL or thermal overload causing these devices to cut

. Amotor current.

9. ,ANALYSIS

The following sub-system analyses will cover only those failures which

result in a frequency or severity level of three or four. In each

case the recomended corrective action, effect on personnel safety and

a discussion of the actual probability of failure, during an average

operating cycle of 5,000 hours between overhauls will be provided.

Each failure mode at the three and four levels will be separately

discussed.

9.1 Analysis of Drive System - Refer to Figures 8 and 8(a) and the

FHEA working papers regarding the Drive System.

9.1.1 Motor _(10.2)

91.1.1 Failure Mode 10.2.01 - No RPM - This failure is

generally caused by failure of the motor windings.

The probability factor is extremely low, however,

failure of the motor winding will cause the

conveyor to be completely inoperative. There is

no significant personnel safety hazard connected

with failure of the motor. Corrective action is

limited to replacing the motor or remving the

motor and repairing the windings.

9.1.1.2 Failure Mode 10.2.04 -Runs Rough. This failure is
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generally caused by bad bearings. If allowed to

continue the armature will eventually bind and fail

the motor, causing loss of conveyor operation. No

personnel safety hazard is involved and the actual

probability of occurrence is extremely low. Corrective

action is to remove and repair the motor immediately

upon noting the condition.

9.1.1.3 Failure Mode 10.2.05 - On-Off Operation. This type

of failure can be caused by partially shorted windings

or by bad bearings which allow the armature to bind

intermittently. Probability of failure is extremely

low - no particular personnel safety hazard involved.

Corrective action is limited to replacing the motor

or removing the motor for repair.

9.1.2 Reducer (10.4)

9.1.2.1 Failure Mode 10.4.01 - No RPM. This failure mode can

be the result of a broken worm gear, stripped worm

or gear teeth, failed or frozen bearings, broken

input shaft, broken or sheared keys, etc. These

failures are mechanical and will result in conveyor

stoppage. There is some personnel hazard involved

if the non-overhauling properties of the Reducer are

jeopardized. With proper lubrication and adequate

inspection, the probability of this type of failure

is low. Corrective action consists of removing and

repairing the Reducer.

9.1.2.2 Failure Mode 10.4.04 - Load Trays Tilt - Drive Chains

Out of Synchronization. This type of failure, wherein

-20-



AII
the load trays cock significantly increases the

chance of tray jamming as the trays transition

through the tail and head cam plates. With the

single side control principle embodied in the new

conveyor design, the probability of this type of

failure has been significantly reduced due to the

forgiving nature of the new design. However, tray

cocking must be corrected whenever noted or a jam

will eventually occur which, in addition to

causing loss of conveyor operation, may do

substantial damage to the cam platess the track,

package shields, trays and tray mounting devices.

Little or no personnel hazard. Corrective action

should be taken immediately and will usually consist

of reworking keyways and replacing keys.

9.1.2.3 Failure Mode 10.4.02 - Runs Rough - Runs Noisy.

This type of failure must be corrected when noted

by replacing the bad bearings. If allowed to continue

the bearing could fail resulting in damage to the

Reducer Worm Gear and/or the Reducer Ring Gear;

failure of the Reducer will cause loss of conveyor

operation. Probability of failure is low but is

enhanced by negligent maintenance practices. Little

or no safety hazard to personnel except for possible

loss of the non-overhauling feature of the Reducer.

9.1.2.4 Failure Mode 10.4.03 - Reducer Runs Hot - May Be

Noisy - Input Shaft Hard to Turn. These symptoms

indicate that the Reducer lubricant has been lost, is
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contaminatedt has been improperly applied, etc.

Damage may be significant when noted. The Reducer

should be removed, opened, and checked for worm and

gear wear, for bearing weart for adequate seals. No

personnel safety hazard unless ignored. This type

of failure is preventable by good periodic maintenance

and adequate inspection. The Contractor has noted

instances of total Reducer neglect, which, unless

disciplined, will lead to loss of conveyor operation

and expensive Reducer damage.

9.1.3 Coupling (10.6)

9.1.3.1 Failure Mode 10.6.02 - Torsional Stress Failure.

This type of failure is extremely remote unless the

coupling material is seriously defective. Failure

will result if tray cocking with associated incipient

jams at the head or tail cam plates and incipient

damage to conveyor parts and loss of conveyor operation.

Little or no personnel hazard involved. Condition

must be corrected immediately by coupling replacement.

9.1.3.2 Failure Mode 10.6.03 - Stress Failure of Key..(s).

The key stress is very low under full jam conditions

which indicates that this type of failure is very

remote. The same conditions apply as in paragraph

9.1.3.1. Immediate corrective action is necessary

requiring replacement of the sheared or damaged keys.

Careful inspection of the coupling and shaft keyways

is necessary to assure that the replacement key will

fit correctly.
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9.1.3.3 Failure Mode 10.6.01- Worn or Distorted Keys

and/or Keyways. This type of failure usually

preceeds failure mode 10.6.03 discussed in

paragraph 9.1.3.2. Once wear is noted the key (s)

should be replaced immediately and the keyways

inspected for possible damage. As stated in the

preceding paragraphs, worn or defective keys and/or

keyway may allow the trays to cock increasing the

propensity for tray jams as the trays translate

through the cam plates.

9.1.4 Jack Shaft (10.7)

9.1.4.1 Failure Mode 10.7.02 - Torsional Stress Failure.

This failure mode is highly improbable unless the

Jack shaft material is seriously defective. Should

a Jack shaft fail the results will depend on whether

the Reducer is a double or single shaft output type.

In the case of a double shaft output Reducer, failure

of a Jack shaft will cause loss of tray control on

2the failed side. Jamming will occur with associated

damage and loss of conveyor operation. In the case

of a single shaft output Reducer, failure of the Jack

shaft will cause total loss of conveyor operation.

If loads are on the conveyor trays the conveyor will

backtravel and jam. Hazard to personnel limited under

most conditions however, the non-overhauling properties

of the Reducer as well as the brake stopping torque

will be ineffective and there would be no way to

apply torque to the lifting chains until the failed shaft

is replaced.
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9.1.4.2 Failure Mode 10.7.03 - Couling or Sprocket Key

Stress Failure. Failure mode highly improbable since

the keys are under low stress during jam conditions.

Failure results are identical to those described

under Failure Mode 10.7.02 (paragraph 9.1.4.1)

9.1.4.3 Failure Mode 10.7.01 - Worn or Distorted Keyways

and/or Keys at Coupling and/or Sprockets. Worn or

distorted keys and/or keyways may allow trays to

cock with increased propensity to jam as the tray

transition through the cam plates. This type of

failure is highly improbable due to the low key

stress. No particular hazard to personnel. Worn

or distorted keys and/or keyway can be detected by

inspection and must be repaired when noted.

9.1.5 Bearing (10.8)

9.1.5.1 Failure Mode 10.8.01- Frozen Bearing. This type of

failure is highly improbable since the pillow block

bearings have been sized generously and since

inspection and periodic maintenance procedures should

detect and prevent occurrence. Failure will result

in the loss of conveyor operation and will be

immediately detectible. The motor is protected by

the IOL and the thermal overload device. No

personnel hazard since the conveyor will not move.

Usual cause is corrosion contamination caused by

negligent periodic maintenance. Bearing must be

replaced - bearing repair is not recommended.
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9.1.6 Drive Sprocket (10.9)

9.1.6.1 Failure Mode 10.9,02 - Sprocket Key Stress Failure.

Failure highly improbable because of the low stress

in the key. Should a key fail the results will be

identical to those described under Coupling Failures

(paragraphs 9.1.3.1, 9.1.3.2 and 9.1.3.3) and Jack

Shaft Failures (paragraphs 9.1.4.1, 9.1.4.2 and 9.1.4.3).

9.1.6.2 Failure Mode 10.9.01 - Worn or Distorted Keyways

and/or Kevz at Sprockets. This type of failure

produces the same results as that described under

Jack Shaft's Failure Mode 10.7.01 (paragraph 9.1.4.3).

9.1.7 Drive Chain (10.10)

9.1.7.1 Failure Mode 10.10.01 - Stretched or Distorted Chain.

Stretched chain can cause cocking of the carrier

trays increasing the propensity of the trays to jam

at the head and tail cam plates. This condition has

been previously discussed. The chains operate at

a factor of safety of not less than 10 to one,

reducing the probability of this type of failure

significantly. Stretched chain, when detected by

inspection, should be replaced immediately. No

particular personnel hazard.

9.2 Analysis of Conveyor Structure - Refer to Figures 9 and 9 (a)

and the FMEA Working Paper Regarding the Conveyor Structure

9.2.1 Trunk (20.1)

9.2.1.1 (a) It is possible to introduce stresses into the

trunk at installation if installation procedures

are not followed by the installation mechanics.
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The base plate, usually furnished by the shipbuilders

must be flat and square across corners. W. ling must

be done carefully to minimize the effects of weld

shrinkage at the deck openings. There are no

Level Three or Four catagories to consider.

(b) The Contractor is recommending that the trunk

be welded to the deck collar using a "Z" configured

filler weld plate to achieve flexibility. This

design avoids the problem of weld shrinkage and

minimizes shear loads at the deck openings.

9.3 Analysis of Operating System - Refer to Figures 10 and 10 (a) and

the FMEA Working Papers Regarding the Operating System.

9.3.1 Head Cam Plate (30.1)

9.3.1.1 Failure Mode 30.1.02 - Tracks Broken. Jamming at the

head cam plate historically has occurred as a result

of tray cocking caused by worn keys, keyways, improper

tensioning of the drive chains and packages left on

trays. This cam plate design controls the tray

transition from vertical to horizontal or horizontal

to vertical from one side of cam plate -- never is

control on both sides simultaneously as in previous

designs. This results in a much more forgiving design

capable of tolerating significant hunounts of tray

cocking without jamming. Thus the propensity for

jamming at the head cam plate is greatly reduced.

Broken tracks will cause jams and should be repaired

immediately. Should a jam occur at the head cam

plate, both left and right cam plates must be
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inspected and damage repaired before continuing

operation. Personnel hazard is slight but resultant

damage to trays and tray mounting devices could be

extensive.

9.3.2 Head Shaft (30.2)

9.3.2.1 Failure Mode 30.2.02 - Torsional Stress Failure.

The torsional stresses in the head shaft are well

within design limits even under the worst jam conditions.

Therefore, the probability of torsional failure is remote

unless the material is faulty. A complete separation

would dump all loads with associated resultant damage

and possibility of loads striking operating personnel --

a head shaft separation has never been experienced.

Proper inspection and checking all reasons for tray

cocking should reveal incipient failure and the stressed

shaft replaced.

9.3.2.2 Failure Mode 30.2.03 - Sprocket Key Stress Failure.

Complete stress failure of the driven sprocket or

carrier sprocket keys will allow the failed side to

spin free creating tray cocking and imposing stresses

on the holding side. Jams will occur at the head

and tail cam plates. The key stresses are low;

therefore, the probability of failure is remote.

Personnel hazard is minimal. A completely failed key

is immediately detectible and must be replaced.

9.3.2.3 Failure Mode 30.2.01 - Worn or Distorted Keyways or

Keys at the Driven Sprocket. This type of failure

results in tray cocking with associated possibility
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of jamming at the head and tail cam plates. Disciplined I
inspection to detect worn or distorted keys or keyways

will enable replacement before cocking becomes intolerable

for the cam plates to handle. Hazard to personnel is

minimal. This condition results from repeated

pounding of the keys and keyways usually caused by

jams. Since the conveyor is protected against jams by

a variety of safety devices (see Safety Devices No. 50)

the possibility of jams has been significantly reduced.

9.3.3 Head Shaft Bearing (30.3)

9.3.3.1 Failure Mode 30.3.01 - Frozen Bearings. Failure results

in loss of conveyor operation. Primary cause is

corrosion contamination. Proper maintenance will do

much to preclude failure occurring. No personnel

hazard. Failed bearing must be removed and replaced.

9.3.4 Head Shaft Bearing Housing (30.4)

9.3.4.1 Failure Mode 30.4.01 - Housing Cracked or Broken

Failure can cause bearing to seize, stopping conveyor

operation. Probability extremely remote and has never

been experienced by Contractor. Minimal personnel

hazard. Depending on type, location and severity of

cracks or breaks, trays can cock with associated danger

of jamuing. Minor cracks are difficult to detect

unless associated with symptoms noted herein. Faulty

housing must be replaced.

9.3.5 Head Shaft Sprocket (30.5)

9.3.5.1 Failure Mode 30.5.02 - Sprocket Key Stress Failure

Same as Failure Mode 30.2.03 (see paragraph 9.3.2.2).
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II

9.3.6 Carrier Chain (30.6)

9.3.6.1 Failure Mode 30.6.01 -.Stretched or Distorted

Carrier Chain. The new conveyor design is equipped with

a chain tensioning device which pre-sets chain tension

to a value selected to match the load capacity of the

conveyor. In addition the factor of safety of the

chain ranges from a low of 14 to one for the longest

conveyor to 99 to one for the shortest conveyor.

Accordingly, chain stretch is almost eliminated as a

problem. Chain distortion or chain stretch could

happen if one side of the system became disengaged

as with a head shaft separation; or, should a bolt,

nut, or other foreign material force the chain out

of it's normal sprocket engagement. Most frequent

symptom would be tray cocking, which if noted, should

be checked iimnediately and corrective action taken.

(Note - other causes of tray cocking have been noted

and discussed in this Analysis Section).

9.3.7 Carrier Link (30.7)

9.3.7.1 Failure Mode 30.7.01 - Stretched or Distorted Link.

The probability of this type of failure occurring is

extremely remote due to the low stresses in the chain

link under the most severe jam conditions. Failure

would visualize as a cocked tray. Corrective action

would be to replace the offending link; personnel

hazard is minimal.

9.3.8 Chain Pin (30.8)

9.3.8.1 Failure Mode 30.8.01 -Disengagement of Chain Pin.
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Paragraph 9.3.6.1 identifies the factor of safety

applicable to the chain. The chain pin has been

designed to keep stresses low in concert with the chain

factor of safety. However, chain pins can disengage

if not properly installed. This is a human factor

and therefore, probability is impossible to determine.

Should a chain pin totally disengage, the chain would

separate, dropping all loads. Damage could be

extensive; personnel could be struck by loads tumbling

through doors. Checking chain pin engagement during

periodic inspection and maintenance assures that this

type of failure is avoided.

9.3.9 Carrier Shaft (30.9)

9.3.9.1 Failure Mode 30.9.01 - Excessive Torsional Stress

Causing Shaft to be Bent or Broken. The combined

torsional and bending stresses in the carrier shaft

are within allowable limits under the worst jam

conditions. Probability of torsional failure is low.

Should failure occur, the trays would twist, exposing

the conveyor to jams at the head and tail cam plates.

Hazard to personnel is low; however, damage may be

extensive to trays and tracks.

9.3.10 Guide Arm (30.10)

9.3.10.1 Failure Mode 30.10.01 - Key Shear Limit Exceeded.

The key shear stress is low; therefore, the probability

F of this type of failur- vccurring is remote. Should

the key fail the tray would be stabilized by the

opposite side. However, during transition through
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the cam plates control of tray movement is passed

from one side to the other and jams are likely.

A sheared key can occur only during jam. When

clearing a jam, the keys must be inspected and

replaced if damaged. No hazard to personnel.

9.3.11 Guide Arm Cap (30.11)

9.3.11.1 Failure Mode 30.11.01 - Cap Shear Limit Exceeded.

This type of failure will produce identical results

to those identified under Failure Mode 30.10.01

(paragraph 9.3.10.1). Inspection of guide arm keys

and caps after severe jam, i.e. fully loaded

conveyor in strike-down operation is mandatory.

9.3.12 Front Track (30.15)

9.3.12.1 Failure Mode 30.15.02 - Tracks Broken. The front

track will be treated as the track guiding the center-

line mounted flanged cam follower; the rear track will

be treated as the tray guiding the 45 degree arm

mounted roller. Calculations show that the tray

will pivot at the jam point under the force exerted

by the chain pull. The worst possible jam condition

will be a jam at a lower door coaming with a fully-

loaded conveyor of 40 total trays, 20 loaded to 100

pounds each. Under these conditionsq there is little

or no load on the "front track". The resisting

moment is provided by the 45 degree guide arm acting

on the "rear track". The highest stress occurs

therefore, in the single section "rear track". This

stress exceeds the allowable stress of extruded
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aluminum by 16 percent (allowable stress 70 percent

of tensile yield). However, the tensile yield is

not exceeded and the design is safe and should not

break or deform under the worst jam conditions. A

minor design modification will bring the design into

the "allowable stress range". Broken or deformed

track must be replaced when noted. Broken or deformed

track presents no personnel hazard but may lead to

interrupted conveyor operation and serious damage

should a guide roller escape track confinement.

9.3.13 Rear Track (30.16)

9.3.13.1 Failure Mode 30.16.02 - Tracks Broken. The analysis

of paragraph 9.3.12.1 applies to this failure mode.

9.3.14 Tail Cam Plate (30.17)

9.3.14.1 Failure Mode 30.17.02 - Cam Tracks Broken. The

analysis of paragraph 9.3.1.1 applies to this failure

mode.

9.3.15 Tail Shaft Bearings (30.19)

9.3.15.1 Failure Mode 30.19.01 - Frozen Bearings. The anr.lysis

of paragraph 9.3.3.1 applies to this failure mode.

9.3.16 Head Driven Sprocket (30.21)

9.3.16.1 Failure Mode 30.21.02 - Sprocket Key Stress Failure.

The analysis of paragraph 9.3.2.2 applies to this

failure mode.

9.3.16.2 Failure Mode 30.21.01 - Worn or Distorted Keyways and/or

Keys at Sprockets. The analysis of paragraph 9.3.2.3

applies to this failure mode.
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9.4 Analysis of Control System - Refer to Figures 11 and 11 (a) and

the F EA Working Papers Regarding the Control System

9.4.1 Thermal Overload (40.1.2)

9.4.1.1 Failure Mode 40.1.2.1 - One or More Heater Elements

Inoperative. In a three-phase circuit a thermal

overload heater coil is inserted in each phase. One

of the phases contains the current sensing coil for

the instantaneous overload device. If a thermal over-

load heater coil fails in a phase not containing the

IOL, the IOL will sense the increase in current and

shut off power to the motor windings. If the thei-mal

overload heater coil fails in the phase containing

the IOL sensing coil, the IOL coil will not sense the

increased current draw and the motor windings will

overheat and eventually burn. The failure visualizes

as refusal of the motor to start. Loss of a thermal

overload heater coil means the conveyor will not run.

Because of the damage which uay occur if the operator

coutinues to apply current to the motor under the

conditions outlined above, the contractor recomendsV

immediate corrective action should the motor not start

when the circuit is energized. The contractor has not

experienced a starter coil failure, therefore must

conclude that the probability of failure is low. No

personnel safety hazard invisioned even though failure

could occur while operating with a fully-loaded

cor.ve~or since the non-overhauling properties of the

Redu er will pcevent run-away loads.
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9.4.2 Instantaneous Overload (40.1.3)

9.4.2.1 Failure Mode 40.1.3.1 - Burned or Interrupted Coil.

The relationship of the thermal overload he.ter coils

to the instantaneous overload sensing coil is described

in paragraph 9.4.1.1. Sb'uld the IOL sensing coil

fail, the motor will single phase causing increased

current draw to heat and activate the thermal overload.

Conveyor operation is lost until the IOL coil is

replaced. No personnel hazard -- probability of

failure low -- the contractor has not experienced a

loss of a properly sized IOL coil.

9.4.3 Instantaneous Overload By-pass Timer (40.1.4)

9.4.3.1 Failure Mode 40.1.4.1 - Burned or Interrupted Coil.

This type of failure prevents motor operation because

the initial surge of current at motor start will be

sensed by the IOL sensing coil which will trip the IOL

and de-activate the circuit. Conveyor may be operated

using the Emergency Run Switch. Normal continuous

conveyor operation is lost until the IOL coil is

replaced. Probability of failure is low with a

properly sized coil -- no personnel safety hazard.

9.4.3.2 Failure Mode 40.1.4.2 - Cracked or Broken Bellows.

This type of failure has the same effect as Failure Mode

40.1.4.1 (paragraph 9.4.3.1). Essentially the IOL

has no by-pass and, therefore, the IOL prevents

motor operation. Conveyor operation is lost until the

failure is repaired. No personnel safety involved.

9.4.3.3 Failure Mode 40.1.4.3 - Air Hole in Bellows Plugged.
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This type of failure allows the IOL to by-pass

current continuously effectively eliminating Lhe IOL as

a safety device. This failure is difficult to diagnose

since the conveyor operates normally. However, should A

a jam occur or other circumstances arise which causes

current surge, the IOL being inoperative, will not

function and will allow current to continue to the

motor with potential damage to the conveyor beyond

that which would have occurred had the IOL been

operative. Probability of this type of failure is

low. No unusual personnel safety hazard.

9.4.4 Over-the-door Jam Sensing Relay (40.1.9)

9.4.4.1 Failure Mode 40.1.9.1 - Burned or Shorted Coil.

De-activation of the over-the-door jam sensing relay

prevents activation of the intermediate stations.

The conveyor cannot be run except through the Emergency

Run circuit until the relay is replaced. Low failure

probability. No personnel hazard. (See para. 11.3)

9.4.5 Load/Unload Jam Sensing Relay (40.1.10)

9.4.5.1 Failure Mode 40.1.10.1 - Burned or Shorted Coil.

De-activation of the load/unload jam sensing relay

de-activates the "down" circuit. Conveyor will run in

I the strike-up mode only. Probability of failure low.

No personnel hazard.

9.4.6 Power "On-Off" Selector Switch (40.2.1)

9.4.6.1 Failure Mode 40.2.1.1 - Burned or Worn Contacts.

Failure cf the selector switch to make contact results

in no power to the control circuit. Conveyor does not

-35-



run until the switch is replaced -- the emergency

circuit is also inactive. Low probability - easy to

diagnose - no personnel safety hazard.

9.4.7 Three-position Speed Selector Switch (40.2.2)

9.4.7.1 F.ilure Mode 40.2.2.3 - Burned or Worn Contacts in

all Positions. Failure of the three-position switch to

make contact in all positions results in no power to

the motor -- conveyor does not run in normal or

emergency run modes, until failure is corrected. No

personnel safety hazard -- low probability of all three

positions failing at same time.

9.4.8 "Stop - Push, On - Pull" Switch (40.3.2)

9.4.8.1 Failure Mode 40.3.2.1 - Burned or Worn Contacts.

With this type of failure contact is not made when the

switch is set in the "On - Pull" position. The

conveyor will not run when the UP or DOWN push buttons

are activated at any station until the failure is

diagnosed and corrected. No safety hazard to personnel

and very low probability of failure.

9.4.8.2 Failure Mode 40.3.2.2 - Contacts Welded Together. This

is a more serious failure than Failure Mode 40.3.2.1 and

results in continued conveyor operation when the switch

is pushed to the STOP position. If allowed to run,

the conveyor may jam with associated mechanical damage.

The conveyor can be stopped by interrupting the circuit

by utilizing the over-the-door jam sensing device or

by turning off power at the Controller. Potential

safety hazard if operator is surprized by the lack of
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conveyor response when "Push - Pull" switch depressed

to STOP position and conveyor continues to run -- may

cause operator to lose control of load in strike-up

mode of conveyor operation. Probability of failure is
A

low. Failure is i-mmediately evident. "Push - Pull"

switch should be replaced before operation is continued

in spite of the fact that operation can be controlled

by utilizing locally handy over-the-door safety device.

9.4.9 Up - Push Button (40.3.3)

9.4.9.1 Failure Mode - 40.3.3.1 - Burned or Worn Contacts.

Circuit will not be energized when the Up - Push button

is pressed in the UP direction. Conveyor operation

limited to down direction only. Failure immediately

evident. Failed switch must be replaced to operate in

UP direction at the subject station. Little or no

personnel hazard -- probability of failure low.

9.4.9.2 Failure Mode 40.3.3#.2- Contacts Welded Together.

With this type of failure the conveyor will operate

immediately when the control circuit is energized.

May surprize operator and represents a serious failure

which must be corrected immediately upon noting.

Conveyor can be stopped by depressing "Push - Pull"

switch or by utilizing the locally handy over-the-

door jam sensing safety device. Probability of

failure is low.

9.4.10 Down - 'ush Button (40.3.4)

9.4.10.1 Failure Mode 40.3.4.1 - Burned or Worn Contacts.

Same type of failure as described under Failure Mode
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40.3.3.1 (see paragraph 9.4.9.1).

9.4.10.2 Failure Mode 40.3.4.2 - Contacts Welded Together.

Same type of failure as described under Failure

Mode 40.3.3.2 (see paragraph 9.4.9.2).

9.5 Analysis of Safety Devices - Refer to Figures 12 and 12 (a) and

the FMEA Working Papers Regarding the Safety Devices,

9.5.1 Bottom Overtravel Limit Switch (50.5)

9.5.1.1 Failure Mode 50.5.01 - Bottom Overtravel Limit

Switch Locked Open. Failure in this mode means that

the conveyor is inoperative in the down direction.

Switch must be replaced. This type of failure is

usually mechanical in nature and rare among comr2ercial

micro-switches. No hazard to personnel.

9.5.2 Failure Mode 50.6.01 - Loader/Unloader Interlock Switch is

Locked Open. Identical to Failure Mode 50.5.01 (see para. 9.5.1.1).

9.5.3 Failure Mode 50.7.01 - Loader/Unloader Jam Sensing Switch is

Locked Open. Identical to Failure Mode 50.5.01 (see para-

graph 9.5.1.1).

9.5.4 Failure Mode 50.8.01 - Top Overtravel Switch Locked Open.

Failure in this mode means that the conveyor is inoperative in

the up direction. Switch must be replaced. This type of

failure is usually mechanical in nature and rare among commercial.

micro-switches. No hazard to personnel.

9.5.5 Failure Mode 50.9.01 - Over-the-door Jam Sensing Switch Locked

Open. This type of failure means that the conveyor is inopera-

tive in both up and down directions. The failed switch must

be located and replaced. This type of failure is usually

mechanical in nature and rare among commercial micro-switches.

No hazard to personnel.
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9.6 Analysis of Load/Unload Device- Refer to Figures 13 and 13 (a)

and to the FMEA Working Papers Regarding the Load/Unload Device

9.6.1 Mounting and Stowing Bracket R.H. (60.3).

9.6.1.1 Failure Mode 60.2.01 - Bent Bracket. Bent or

distorted mounting brackets may make it difficult

or impossible to place the load/unloader in the

load, unload or stowed positions. Inability to

seat the load/unloader in the unload or stowed

positions properly will not allow the down

circuitry to be completed, resulting in loss of

conveyor operation in the down direction.

Inability to seat the load/unloader in the load

position properly may allow the down direction

circuitry to remain completed allowing strike-

down operation normally prevented by the load/

unloader interlock switches. These failures are

easily detectible allowing imuediate corrective

action. Probability is low -- personnel hazard

is minimal.

9.6.2 Mounting and Stowing Bracket L.H. (60.4)

9.6.2.1 Failure Mode 60.3.01 - Bent Bracket. This failure

mode is identical to Failure Mode 60.2.01 (see

paragraph 9.6.1.1).

9.6.3 Platform Depress Mechanism L.H. (60.4)

9.6.3.1 Failure Mode 60.4.01 - Binding of Guide Shaft in

Guide Plate Slide. If the guide shaft binds in

the guide plate slide, the platform will not depress

in the event of a jam. Protection against strike-

S-39-



down jam is lost at the subject station. Also,

binding will make it impossible to position the

load/unload device from the load position to the

unload position, or, from the unload position to

the load position dependant on which position the

load/unload device was in when the binding occurred.

Failure is easily detectible and must be

corrected when noted. Failure probability is low.

Personnel hazard minimal.

9.6.3.2 Failure Mode 60.4.02 - Binding in the Guide

Plate Slide. This type of failure produces

identical results as Failure Mode 60.4.01 (see

paragraph 9.6.3.1).

9.6.3.3 Failure Mode 60.4.03 - Pins Work Out of Connecting

Arms. If the pins work out of the connecting

arms, the loader/unloader spring tension will be

lost, making it itapossible to position the load/

unloader in the unload position. Conveyor operation

in the down position will be lost. Failure is

easily detectible and must be corrected immediately.

Probability is low -- minimal personnel hazard.

9.6.3.4 Failure Mode 60.4.06 - Broken Spring. Failure of

the load/unloader spring will make it impossible

to place the load/unloader in the unload position

resulting in loss of downward conveyor operation.

Failure is easily detectible and must be corrected

immediately. Probability is low. Personnel

hazard is minimal.
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9.6.4 Platform Depress Mechanism RH. (60.5)

9.6.4.1 Failure Mode 60.5.01 - Binding of Guide Shaft

in Guide Plate Slide. Failure identical to Failure

Mode 60.4.01 (see paragraph 9.6.3.1).

9.6.4.2 Failure Mode 60.5.02 - Binding in Guide Plate Slide.

Failure is identical to Failure Mode 60.4.02

(see paragraph 9.6.3.2).

9.6.4.3 Failure Mode 60.5.03 - Pins Work Out of Connecting

Arms. Failure is identical to Failure Mode 60.4.03

(see paragraph 9.6,3.3).

9.6.4.4 Failure Mode 60.5.06 - Broken Spring. Failure is

identical to Failure Mode 60.4.06 (see paragraph

9.6.3.4).

9.6.5 Cross Shaft (60.6)

9.6.5.1 Failure Mode 60.6.01 - Loose Coupling. Loose

couplings would make it difficult or impossible to

position the loader/unloader in the unload position.

Conveyor operation in the strike-down mode would be

lost. Loader/unloader may cock or tilt. Failure

easily detectible and must be corrected when

noted. Probability is low -- minimal personnel

hazard.
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EALL URLMDEND E ECTAN-LYA
Indenture Level No. 1 VETIICAL ONEYOR SYSTEM R.EI.EO.RI
Indenture Level No. 2 Drive System
Indenture Level No. 3 Motor
n-denture Level No. 4

Drawing Uommercia' Part

OuptseiiainFailure ModeEfetoFilr|Outputspecification Possible causes Symptoms. Effect of Failure Co
functional description SN Description detectability Local Effect End Effect

10.2 Motor 10.2.01 No RPM Burned Winding; High Current Current Conveyor
(1800, 1200 & Interrupt Inoperative
900 RPM)

Insulation High Current Current Conveyor
Breakdown Interrupt Inoperative

Bearing High Current Current Conveyor
Failure Interrupt Inoperative

Powers Conveyor 10.2.02 Will not run at 1200 RPM Speed Selectiuo Same as Conveyor
and allows a 1200 RPM Winding Burned Limited to Symptom Operation
selection of 3- Out 1800 and 900 Limited to
speeds; 8, 10.7 16 and 8
and 16 trays per trays per
minute minute

10.2.03 Will not run at 1800 and 900 Speed selectioi Same as Conveyor1800 and 900 RPM Windings limited to Symptom Operation

RPM Burned Out 1200 RPM limited to
10.7 trays
per minute

0.2.04 Runs Rough Bad Bearlngs(s Vibrat.ion Vibration Eminent
Indicating Loss of
Eminent Conveyor
Bearing Operation
Fal u re -

Temperature
Rise

-1_ __



I

B.EP.O.BI Contract No. N00024-72.C-5500
Organiyatior, KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Effect of Failure Existing Level Failure..... compensating of prob- Remarks and Re.ommendationsdetectability Local Effect End Effect provision Severity ability

ding High Current Current Conveyor None 4 1 Protected by IOL and Fuses
Interrupt Inoperative

High Current Current Conveyor None 4 1 Protected by IOL and Fuses
Interrupt Inoperative

High Current Current Conveyor None 4 1 Protected by 101, and Fuses
Interrupt Inoperative

Speed Selectioi Same as Conveyor None1 1 Protected by TOL and Fuses
rned Limited to Symptom Operation

1800 and 900 Limited to
16 and 8
trays per
minute

00 Speed selectioi Same as Conveyor None 2 1 Protected by TOL and Fuses
gs limited to Symptom Operation

1200 RPM limited to
10.7 trays
per mtnute

gs(s Vibration Vibration Eminent None 3 1 Thermal Overload
Indicating Loss of
Eminent Conveyor
Bearing Operation
Failure -
Temperature
Rise

Page - 42 -
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E-A M LflM ANDliE EE ;-IAM LY SI S
Indenture Level No. I VERTICAL CONVEYOR SYSTEM R.EPOJ

Indenture Level No. 2 Drive System
Indenture Level No. 3 Motor , age -2-)
Indenture Level No. 4

rawnommerct Part

Output specification Failure Mode Effect of Failure

OuptseiiainPossible causes Symptoms. Efecoo aiur
functional description SN Description detectability Local Effect End Effect Ca

10.2 Motor 10.2.05 On - Off Partially Motor Shuts Temperature Intermitten N
Operation Shorted D ,4n - High Rise Conveyor

Windings Current Operation

Bad Bearing Motor Shuts Temperature Intermitten N

Down - High Rise Conveyor

Current Operation

1~~ I__ _



REP 8 Contract No. N00024-72-C.5500
Organization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

+ APPROVED: DATE:

Symptoms. Effect of Failure ExistiIg Level Failure

... .. compensating of prob- Remarks and Recommendations
Local Effect End Effect provision Severity ability

Motor Shuts Temperature Intermitten. None 3 1 Protected by IOL and Thermal
Down - High Rise Conveyor OverloadCurrent Operation

Motor Shuts Temperature Intermitten None 3 1 Protected by IOL and Thermal
Down - High Rise Conveyor Overload
Ct-rrent Operation

Page - 43 -
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Indenture Level No. I VETICAL CONVEYR SYSTEM
Indenture Level No. 2 Drive bystem,
Indenture Level No. 3 Torque Lira( ter

denture Level No. 4 _ __ _

Dravwnl Conmercial Part

Output specification Failure ModilePusible causes Symptoms- Effect of Failure

functional description SN Description detpctabilitW Loal ofect End Effect j

10.3 Torque 10.3.01 Frictica Disc -improper Conveyor does Motor Drfv2 systel
Limiter wora, glazed adjustment not reac. full cotnection is sluggish

f::actured -overheating speer) to system.
-system slips
overloaded

-The Torque 10.3.02 Bellwoud spring -weak spring Torque Limiter Motor Drive systa
Limiter provides is defective -corroded will not coenection ts sluggish
conveyor spring ..ransmit load to system
protection slips
-Is set at 110.
to 1.15% of total 10.3.03 Bearing failure -fractured Toique Limiter Same as end Drive
load rAcevay connection efft-.ct system
-It operates -broken or runs rough vibrates
cont inuously missing roller;
-Prevents
conveyor and
motor damage 10.3.04 Pressure nut -improper Coaveyer does 4oto: Drive 'Lgh_
should other loosen's adjustment not re'ach ccnnectien syste.., nut
devises fail -set screws full speed to by!.tem sluggis

not locked sltps
t i ght

10.3.05 Key failure Adjustment set Conveyor will Same as Conveyor
to tight. not run end erfect inoperative
System over-
loadled



VI

M I E M D - -A B I -r M U N A Y U . C o n tgct o 1e l 0 0 0 2 4 .7 2 -C -S 0 0E UEM NEOnilation ORNYLAK CORPORA TION

By ENGINEERING OEPT.. KORNYLAK CORP. i

APPROVED: DAT E:

p Effect of Failure Fxisting Level Failure
symptors. £cel"folting e prob. Remarks sad Recammeno0aism.
detectability Local Effect End Effet peosies Sevfity ability

Conveyor d.jes Motor Drive syst .t None 1 2 Disassemble Torue Lim;ter
not reach full contiection is sluggish Replace friction disc (s) in

ng speed to systva'. Torque Limiter. Adjust per
sIpF" instruction in manual.

Torque LUmIter Moter Drive svst N one 2 Disassemble Torque Limiter

Will not ronnection is 4Luggish, Replace Bellwood spring
tratismit Ioa,1 to system Adjust per itistruction in

slips maucual

Torque Limiter S.ome as end Drive None 2 )isassemble Torque Limiter
co;nection effe!t system Replace faulty hearing
runs rough vibrates Adjust per instruction in

11er mauua i

Conveyor does Notor Drive Tighten pressure I Adjust Torque Limiter in
aot reach connection systew. nut accordance with Instructions

ftl speed to system sluggish it manual

slips

set Conveyor will Same as Conveyot None 2 I Re,)ve Torque Limiter
not run end effect inoperative Rework Keways - teplace key (n

Page - 44-
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FALUREAMOE ANQ EFFECT ANALYSIS
Indenture Level No. 1 VERTICAL CONVEYOR SYSTEM REPORT
Indenture Level No. 2 Drive System
Indenture Level No. 3 Reducer
Indenture Level No. 4

Drawing Commercial Park

Failure Mode Symptoms- Effect of Failure ExOutput specification . . .. Possible causes Sy po s .. catup
functional description SN Description detectability Local Effect End Effect pro

10.4 Reducer 10.4.01 No output RPM -broken worn, No output RPM Same Conveyor No
-stripped worni inoperative

Reduces speed teeth
from 1800, 1200 -broken gear
and 900 RPM to -stripped gear
36, 24 and 18 teeth
RPM. Reducer -failed or
is non-overhaul- frozen bearing
ing to prevent -broken in-put
reverse conveyor shaft
operation under -broken in-put

load. shaft key

10.4.02 Runs rough - Bad bearing Vibration, Incipient Incipient No
runs noisy noise loss of loss of

reducer conveyor

operation

10.4.03 Reducer runs Loss or -runs hot Incipient Incipient No

hot -may be deterioration -visible evi- loss of loss of

noisy - in-put of lubricants dence of reducer conveyor

shaft hard to -bad seals lubricant on operation
turn -cracked base plate

housing -high motor

-no make-up current
lubricant
added

-wrong make-up

lubricant

added

xI
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S E.AILURE MODE AND EFFECT ANALY_. .
BEROB Contract No. N00024-72C-5500

Organization KORNLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

[ Effect of Failure Existing Level Failure
Symnptoms- compensating of prob- Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

No output RPM Same Conveyor None 4 1 Replace Reducer
rM inoperative

ar

t

t

Vibration, Incipient Incipient None 3 1 Replace bearing
noise loss of loss of

reducer conveyor
operation

-runs hot Incipient Incipient None 3 1 Service manual requires
-visible evi- loss of loss of periodic inspection of oil

s dence of reducer conveyor level and specifies type anid
lubricant on operation grade of make-up lubricant
base plate
-high moLor
current

up

Page- 45-
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EAUJU.F.MODPEJXN EELLCIA I-SJE
Indenture Level No.1 ERTI;AL CONVEYOR SYSTEM BEI
Indenture Level No. 2 Drive System
Indenture Level No. 3 Reducer (Pape -2-
'qdentoe Level No. 4

Drawing Commercial Part

Failure Mode Effect of Failure
Output specification Possible causes Symptoms- co

functional description SN Description detectability Local Effect End Effect

,, . , -

10.4 Reducer 10.4.04 Load trays -lubricant Trays tilted Incipient Incipient

tilt-drive contaminated -one side of jam at head loss of

chains out of -one or both tray driving or bottom conveyor

synchronization out-put shaft the other cam plates operation
keys or
keyways
distorted or
broken

IL



REP.OTI Contract No. N00024"72C'5500Orqanitation KORNYLAk CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Symptoms- Effect of Failure Existing Level FailureSpts-compensating of prob. Remarks and Recommendat ions

detectability Local Effect End Effect provision Severity ability

Trays tilted Incipient Incipient None 4 1 Se-vice manual requires

ed -one side of Jam at head loss of periodic check for condition
th tray driving or bottom conveyor of keys and keyways and check

aft the other cam plates operation of drive chain synchronization.

or

SPage -46-

Form M-,. 276 6



L

o ENIJUREMODE AND EELYSIS
E Indenture Level No. 1 VERIAL CON E YRM REPOSTI

Indenture Level No. 2 Drive bystem_

Indenture Level No. 3 10.5 Brake
Indenture Level No. 4

Drawing Coimnrci al Part

Failure Mode Effect of Failure EO u p t s e i i a i nP o s s i b l e c a u s e s S y m p t o s - c a
functional description SN Description datectahility Local Effect End Effect pr

10.5 Brake 10.5o01 Coil Burnout -weak insula- Brake will not IOL or Conveyor Non
tion disengage thermal will not

Assures that -wrong hookup overload run
conveyor will trips
not reverse
under load. 10.5.02 Engaging spring -weak spring Brake will Conveyor Trays will Non

failure -corroded not engage coasts to not positio
Assures thaL spring stop properly
conveyor will
stop and 10.5.03 Friction -improper gap Brake will not Conveyor Trays will No
properly lining worn adjustment eng'ge coasts to not
position trays out -normal wear properly a stop position
at door and tear properly
openings.

10.5.04 Brake to -weak material Brake will not Conveyor Trays will No
Assures that reducer key -wear and tear engage coasts to not
conveyor will failure stop position
stop in the properly
event of power
failure. 10.5.05 Pressure plate -weak materila! Arake will Convayor Trays will No

mechanism -wear and tear not engage coasts to not positio
failure -corrosion stop properly

10.5.06 Jerky stops -grease or oil Same as Same as Trays may Noi
Slow to stop on friction description description not positio
Brake slips discs ard/or properly

pressure plate

-improper gap
adjustment

-,\I
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FA1LUBE MQD ,AN .EE T LANALY. ,&
BEE08 Cintfct Ng. N00024-72-C-5500

Orgnizatioa KORNYLAK CORPORATION
By ENGINEERING DEPT. KORNYLAK CORP.

APPROVED: DATE:

Effect of Failure Existing Level FailureSymptoms.
...-E compensating of prob- Remarks and Recommendations

Local Effect End Effect pfovisbom Severity ability.. . ,'= ,- . ..- ___.._ . :

Brake will not IOL or Conveyor Ncne 2 1 Remove brake and replace coil.
disengage thermal will not

p overload run
trips

Brake will Conveyor Trays will None 1 Remove brake and replace
not engage coasts to not positio spring

stop properly

Brake will not Conveyor Trays will None I 1 Remove brake and replace
eng.ge coasts to not friction lining.
properly a stop position

pruperly

al Brake will not Conveyor Trays will None 1 1 Remove brake - replace key -
r engage coasts to not re-work keyways.

stop position
properly

al Brale will Conveyor Trays will None 1 1 Remove brake - repair or
r not engage coasts to not positio replace failed parts.

stop properly

il Sate as Same as Trays may None 1 Remove brake - clean pressure
description description not positic plate - clean or replace

properly friction discs.

- j Page - 47 - 6
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EAI.UR-PM N.D IAE FUr LYSl.Indenture Level Ni. I VERTICAL ONVEYOR SYSTEM- [EPIOI
Indenturv Level N. 2 Drive System

Indenture Level No. 3 Couvling
I- 4onture Level No. 4

Drawing

Faikre Made Effect of Failure ExmOutput specifi.ltion Possible caws Symptoms- Campo

functional decription SN Descriptien detectability Lora Effect End Effect prI

10.6 Coupling 10.6.01 Worn or -repeated jams Trays may tilt InLipient Incipient Noi

distorted keys or cock jams at loss of
Connects and/or keyways head or conveyor
Reducer Drive tail cams operation
Shaft (s) to
Jack Shafts

10.6.02 Torsional -repeated Trays tilt or Jams at Loss of Maximum
stress failure jams cock head or conveyor stress I

-weak material tail cams operation psi und
conditit

10.6.03 Stress failure -repeated Trays tilt or Jams at Loss of maximum
of key (s) jams cock head or conveyor stress

-weak material tuil cams operation psi und
conditi



EAI LURE.MQ EANEEECTIANALYSJSI
REPEQR Contratt No. N00024-72-C-5500

Organipation IORNYLAK CORPORATIONBy ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Symptoms- Effect of Failure Existing Level Failure
detectability compensating of prob. Remarks and Recomnwndations

Local Effect End Effoct provision Seveity ability

a ms Trays may tilt Incipient Incipient None 3 1 Replace couplings and keys or
or cock jams at loss of remove -oupilings and re-work

head or conveyor keyv.,ays.
tail cams operation

Trays tilt or Jams at Loss of Maximum torsiona 4 1 Rep'ace coupling.
cock head or conveyor stress is 307

al tail cams operation psi under jam
conditions

Trays tilt or Jams at Loss of Maximum key 4 1 Replace keys.
cock head or conveyor stress is 5112

ial tail cams operation psi under jam
conditions

Form N';. 7766



i F .ILURE MQDfE NiDEEE ANLYSIS

Indentuce Level No. I VERTICAL CONVEYOR SYSIEM REPORT
Indenture Level No. 2 Drive Svst era
Indenture Level No. 3 Jach ShaFt (s.
Indenture Level No. 4

Orawing

OuptseiiainFailure Made Smt s.Effect of Failure Existd
Output specification SailpteoMsd

SN ... descript Possible causes StomsEffec cfmpFsl
functional description Oes ptiondetectability Local Effect End Effect provi!

10.7 Jack 0.7.01 Worn or Repeated jams Trays may tilt Incipient Incipient None
Shaft (s) distorted key- or cock jams at loss of

ways and/or head or tail conveyor
Connects the keys at couplinj cams operation
ReduceV Drive and/or sprocket:
Shaf ts to the
Drive Sprockets

0.7.02 Torsional stres -rveated jams Tilted or Jams at Loss of Shaft seo
failuIre -week material cocked trays head or conveyor maximum

tail cams operation torsional
of 4046
jam cond -

0.7.03 Coupling or -repeated Tilted or Jain at Loss of Keys sec'
sprocket key jams cocked trays head or conveyor maximum
streqs failure -weak material tail cams operation of 8058 j

under jam
conditioi



EPAILURE MOVIANDEFECAN LSIi 1HEPOR Contract No. N00024-72--5500
Organization KRNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Symptoms. Effect of Failure Existing Level Failure

detectability compensating of ptob- Remarks and Recommendations
Local Effect End Effect provision Severity ability

s Trays may tilt Incipient Incipient None 3 1 Replace shafts and keys or
or cock jams at loss of remove shafts and re-work

head or tai conveyor keyways.
cams operation

s Tilted or Jams at Loss of Shaft sees a 4 1 Replace shaft.
al cocked trays head or conveyor naximum

tail cams operation torsional stress
of 4046 psi unde
jam conditions

Tilted or Jam at Loss of Keys see a 4 1 Replace keys.
cocked trays head or conveyor maximum stress

al tail cams operation of 8058 psi
under jam
conditions

Page- 49 -
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E&J. R.BEMIDE.MCDE E.FEITAN ALYSI
Indenture Level No. I VERTICAL CONVEYOR SYSTEM
Indenture Level No. 2 Drive System
Indenture Level No. 3 Bearing
• identuie Level No. 4

Drawving -Commercial Part

Output specification Failure Mode Effect of Fslvre

functional description Description detectability Local Effect End Effect

10.8 Bearing 10.8.01 Frozen bearing -lack of prope-high current No jack Conveyor
lubrication -conveyor will shaft inoperative

Supports Jack -contaminated not run rotation
Shaft at -improper
sprocket end alignment

0.8.02 Dynamic -normal wear -high current Trays may Incipient Bean
failure and tear -erratic rock jams at sized

-overload operation cam track life
plates hours-

aver
140,



FA1L.BRE. MQLDEAND_. ECi.AALYSI..
REPORT Contract No. Noo2472C.S$I

Ofqaniatioo KORIYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVEO" OATE:

Symptoms- Effect of Failue Exktiq Level FilMre

campesating of Inek Remawk a"d Recommetion
LOcal Effect End Effect proviwo Severity aIli?

rope -high current No jack Conveyor None 4 1 Serice manual requires
-conveyor will shaft inoperative pprfod:- inspection and

ted not run rotation lui)ricjtfon of the pillow

blMck 4eariLugs

r -high current Trays may Incipient Bearings are 2 1 Relace .'!1ow block bearing
-erratic rock jams at sized for a bio
operation cam track life of 28,000

plates hours and an
average life of

140,000 hours

page- 5n -
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EAIMURE ANDEFEC ANALYSIS
Identure Level No. 1 VERTICAL CONVEYOR SYSTEM REPORT

Indenture Level No. 2 Drive System
Indenture Level No. 3 Drive Sprocket
Isidenture Level No. 4

Drawing Commercial Part

Failure Mode Effect of Failure Exitiq

j Output specification ___ ___PsilcaesSymptoms. ________ ________

functional description causes detectability compenS4
SN Description Local Effect End Effect prow

10.9 )rive 0.9.01 Worn or Repeated jams Trays may tilt Incipient Incipient Nonei
Sprocket distorted key- or cock jams at loss of

ways and/or head or conveyor
Connects the keys at tail cams operation
Jack Shaft or sprockets
Reducer Output
to the Head
Shaft Sprocket

10.9.02 Sprocket key -repeated jams Tilted or Jams at Loss of Keys see
stress failure -weak material cocked trays head or conveyor maximum a

tail cams operation of 8058
under jam

condition'

I
I



EAIMLEM0EADEFFECT ANALYSISIf I M.RT Contract No. N00024-72-C-5500BE.OBIOrganization KORNYLAK CORPORATION

By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: - DATE:

Symptoms- Effect of Failure Existing Level Failurt
deecailt compensating of prob- Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

Trays may tilt Incipient Incipient None 3 1 Replace sprocket and keys.
or cock jams at loss of Remove sprocket and re-work

head or conveyor keys and keyways.
tail cams operation

Tilted or Jams at Loss of Keys see a 4 1 Replace worn or distorted
cocked trays head or conveyor maximum stress keys.

tail cams operation of 8058 psi

under jam

conditions
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EALL!IRERODE"U~EECI ALYSIS
Indenture Level No. 1 SYTMBEEDJM
Indenture Level No. 2 DieSsem
Indenture Level No. 3 Drive Chain
Indenture Level No. 4 CmeralPr

Drawing ComrilPt

Output specification Failure Mode ~ assSymptoms. Effect of Failure

functional description SN Description Psilcaesdetectability Local Effect End Effect

10.10 Drive 10.10.01 Stretched or -repeated or Tilted or Jams at Loss of Chain
Chain distorted chain excessive Jams cocked trays head or conveyor never

-faulty tail cams operation more
material ul tim

Transmits power t ren
from the Jack
Shaft to the
Ihead Shaft



B M J EContract No N024-2C5500

Organiiation KORN YLAK ORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED DATE:

Symptoms- Effect of Failure Existing Level Failure
compensating of prob. Remarks and Recon mendations

detectability Local Effect End Effect provision Severity ability

or Tilted or Jams at Loss of Chains are 4 1 This condition is highly3
jams cocked trays head or conveyor never Loaded to inprobable due to design.

tail cams operation more than 10% oi Replace faulty chain.
ultimate

strength

Page - 52 -
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EALUREA -E.AND EFFECT ANAL IIndenture Level No. I VERTICAL CONVEYOR SYSTEM REPORT
Indenture Level No. 2 Dri ve System
Indenture Level No. 3 Chain Take-up
Indenture Level No. 4

Drawing

Output specification Failure Mode Symptoms- Effect of Failure Exi

futiuta ,sci tion Possible causes compsfunctional description SN Descfiption detectability Local Effect End Effect pro"

10.11 Chain 10.11.01 Bearing No lubrication Trays tilt or Incipient incipient Non
Take-up failure -faulty cock out of jams at loss of

material square head or tai conveyor
Removes slack cams operation
from Drive

Chains. Keeps
both side of 10.11.02 Faulty or poor Repeated jams Trays tilt or Incipient Incipient Non
Carrier Chain adjustment cock out of jams at loss of
aliied, by square head or conveyor
equalizing tail cams operation
tension.

10.11.03 Broken adjust- Repeated jams Trays tilt or Incipient Incipient No
irzg screw -mechanical cock out of jams at loss of
-broken damage square head or conveyor
bracket tail cams operation
-bent bracket

V..



EAREM.OEANDFFECT ANALYS..
REROU Contract No. N00024-72C-5500

Org6zation KORNYLAK CoRPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: _ DATE:

ympzoms- Effect of Failure Existing Level Failure
compensating of prob- Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

on Trays tilt or Incipient Incipient None 2 1 Replace take-up bearing.
cock out of jams at loss of '..air take-up shaft.
square head or tai conveyor

cams operation

s Trays tilt or Incipienc Incipient None 1 1 Correct adjustment.
cock out of jams at loss of Synchronize and re-align
square he:*d or conveyor conveyor

tail cams operation

s Trays tilt or Incipient Incipient None 2 1 Replace adjusting screw.
cock out of jams at loss of Replace broken or bent
square head or conveyor bracket. Synchronize and

tail cams operation re-align conveyor.

F
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FAILUJRE M QDAND EFECANALY1LS
Indenture Level No. I VERTICAL CONVEYOR SYSTEM fl.ELPI
Indenture Level No. 2 Structure
Indenture Level No. 3 Trunk
Indenture Level No. 4

Orawing

Oupu Failure Made Effect 0 Failure E
utput specification Possible causes Symptoms- ,_.... ..

functional description SN Description detectability Local Effect End Effect PO

20.1 Trunk 20.1.01 Loss of water- -cracked welds Will not hold Water can Sqme as N4
tight -deterioration water or penetrate local

Provides support integrity of door seal(s air under trunk from effect
for conveyor -improper pressure surrounding
mechanism adjustment of compartment

door dogs -or-
Provides a -misalignment surrounding
watertight of foundation compart-
enclosure base ments from

-material trunk
corrosion

20.1.02 Trunk distor- Shear loads -binding trays -excess wea- conveyor N
tion at deck -rubbing -noise stalls

openings -high current

Weld shrink - -binding trays -excess wear conveyor
p age at decks, -rubbing -noise stalls

base and trunk -high current
connections

-1J
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EALURE MQDAND F IEE T AALYSIS
HE.ORai Contract No. ;;00024-72-C-5500

Olgani.ation KORNYLAK CORPORATION
By ENGINEERING DEPT.. KORNYLAK CORP.

APPROVED: DATE:

L Symptoms- Effect of Failure Exiting Level Failure
,, compensating of prob- Remarks and Recommendationsd~tectability Local Effect End Elfect provision Severaey ability

Ids Will not hold Water can Same as None I 1 Fid and repair cracked .telds
ion water or penetrate local 1 2 Replace door seals
l(s)air under trunk from effect

pressure surrounding 1 2 Ad .ust dogs - replace if out
of compartment of adjustability

-or-
t surrounding 1 lns;tallatioa problems - check

on compart- drawings and service manual fo
ments from proper installation procedures,
trunk 2 CoTIveyor drains must be kept:

open - check trunk frequently
for rust. Chlp and repaint
wheit necessary.

-binding trays -excess wee- conveyor None I Trpismission of shear loads
-rubbing -noise stalls mirimized by use of semi-
-high current Ul'xible method of supporting

cotveyor at deck oF;.!nings.

-binding trays -excess wea conveyor None 1 Exercise care di. rig in-t:al la-
s, -rubbing -noise stalls ticn, especially in welding
unk -high current techniques

Page - 54 -
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FAILURE MODE ANQ"EEJCIANALYMI
Indenture Level No. 1 VEfTICAL CONVEYOR SYSTEM BEEOR

L Indenture Level No. 2 uperacang System

Indenture Level No. 3 Head Cam PI at. e

Indenture Level No. 4
Drawinll

Output specification Failuve Made S~mptoms Effect of FailureOupu secfiatonPossble causes S mtm-CON
t-nctional description SN Description aetoAdbiity Local Effect End Effect p

30.1 [lead Cam 30.01 'Cam Tracks worn Repeated ams Conveyor runs Same as -possible Torquo
Pjate or distorted rough symptom high curren can a]

-possible shock
nuisance come

The hlead Cam IOL cut out
Plat t causes -excessive
the carrier slippage of
tray to inake torque
the horizontal 1 iaiter
to vertical
transition as
the carrier 30.1.02 Cam tracks Repeated jams Conveyor jams High curren Pending Torqui

trays move broken at broken IOL cuts loss of slips
front to back track out conveyor

operation

cam roll

jams in
broken cam
Lrack plate

r



FAILURE MODE ANDEEEC.ANALYSI
BEPOB Contract No. fl00024-72,C-5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: . .. ... DATE:

Symptoms- Effect of Failure Existing Level Failure
detectability . compensating of prob. Remarks and Recommendations

Lor FIIect End Effect provision Severity ability

s Conveyor runs Same as -possible Torque Limiter 2 2 Straighten and/or remove
rough symptom high current can absorb some rough spots in cam track.

-possible shock or over- Remove and replace faulty
nuisance come roughness cam plate
IOL cut out
-excessive
slippage of
torque
Slimiter

s Conveyor jams lgh curren Pending Torque Limiter 4 2 Remuve and repair cam plate or
at broken IOL cuts loss of slips remove and replace faulty
track out conveyor cam plate.

operation
cam roll
jams in
broken cam
Irack plate

Pi.,, - 55 -

Forim No. 216 6



ANI
EAI.LULF lOMD.1_AND EFFECT ANALYS.

Indenture Level No. I VEICPAL NUV YOR SYSTEM UP.QOIT
Indenture Level No. 2 UperaLtugS yst em
Indenture Level No. 3 Head Sha t
Indenture Level No. 4

Drawing

Output specification Failure Mode Symptoms- Effect of Failure Ejfucioa decito Possible causes Symptoms- -.-y com
functional description SN Description detectability Local Effect End Effect pr

30.2 Head Shaft 30.2.01 Worn or dis- Repeated jams Trays tilt or Incipient Incipient N
torted keyways cock jams at loss of
or keys at the head cam conveyor
driven sprocket operationThe head shaft2

Is the principal30.2.02 Torsional stresg Repeated jams Tilted or Jams at Loss of Shaft
shaft which failure faulty mater- cocked trays head or conveyor maximuq
transfers the lal tail cams operatien nal sti
power to the 5054 P4
tray system. jam coal
The entire
weight of the 30.2.03 Sprocket key Repeated jams Tilted or Jams at Loss of Keys s
tray system stress failure weak material cocked trays head or tal conveyor maxim -

and load are on cams operation of 913
this shaft at jam.

condit

30.2.04 Bent head shaft Extremely Carrier Same as -stretched N
heavy jam sprocket symptom chain (see r

wobbles as it -tray colu
revolves flexure

?K-)

:1-

I]



t A LURE_ MQE AND_ EEIECANALYSLA.
flu.ORT Contract No. N00024-72-C-5500

Organitation KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: ,, DATE:

Symptoms- Effect of Failure Existing Level Failure
..... compensating of prob- Remarks and Recommendationsdetectability Local Effect End Effect provision Severity ability

ares Trays tilt or Incipient Incipient None 3 1 Replace head shaft (s) and
cock jams at loss of keys or remove shafts and

head cam conveyor rework keyways and keys

operation

jams Tilted or Jams at Loss of Shaft sees a 4 1 Replace head shaft (s)
er- cocked trays head or conveyor maximum torsio-

tail cams operation nal stress of

5054 psi under
jam conditions

sms Tilted or Jams at Loss of Keys see a 4 1 Replace keys
ial cocked trays head or tal conveyor maximum stress

cams operation of 9134 psi

at jam
condi tion

Carrier Same as -stretchcl None 2 1 Replace head shaft.
sp:rocket symptom chain (see remarks Note: In the new design
wobbles as it -tray column) this shaft has been increased
revolves flexure from 1.75" to 2.937" giving

in excess of 4.7 times tht,

previous strength.

Page- 56-
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EALLUfE MD__EDEE CIAN LYASAIS
ludensture Level No. I VERTICAL CONVEY2R SYSTEM
Indenture Level No. 2 Operating Systen

Indenture Level No. 3 . lhead Shaft Ilearin .(S) .

Inlenture Level No. 4
Dlsawiil Conminerci al Part

Failure Mode Effect of FaiureOutput specification . . . . osbeaueSy p m--...co.-,_
Possible causes deetbltyLclEfct EdEfc

functional description SN DescriptionSN Description Local Effect End Effctp

30.3 hlead Shaft 30.3.01 Frozen beatings Lack of proper -high current No head Conveyor No

Bearing (s) lubrication -conveyor will shaft inoperative

-contamination not run rotation

-improper

Supports the alignment
head shaft at
both the
inboard and 30.3.02 Dynamic -normal wear -high current Trays may Incipient Bearingoutboard end of failure and tear -erratic rock Jams at sized f

the head shaft -overload operation cam track 10 life
plates 30,000

and an

life of'

hours

I-i

K,

F: -

El!
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EALLUIME MODE ANDEEE ANALYSa
BEPQ BI Contact lo. NP0024-72-C-5003

Orpuiratm.; IIiVACR RI a
By ENGINEERING DEPT.. KORMYLAK CORP.i _ _ _ _ _ _ _APPROVED: DATE:

Symptoms- Effect of Failure Existing Leve Failwe
cempesatg of Pb. Rearoks and RecMeMOMMdtiemdeectability cal Effect End Effect Piovisaw Severity ebility

er -high current No head Conveyor None 4 1 Service manual requires
-cunveyor will shaft inoperative periodic inspection and

on not run rotation lubrication of head shaft
bearings

-high current Trays may Incipient Bearings are 2 1 Replace head shaft bearings
-erratic rock Jams at sized for a B-
operation cam track 10 life of

plates 30,000 hours
and an average
life of 150,000
hours

Page - 57 -
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EA1WLU _ KOPE_Ah1D_Ef _EC NALY. $AIndenture Level No. 1 VERTICAL CONVEYOR SYSTEM. ALaEP_.ERT A 1
Indenture Level No. 7 Operating Systet ' QB
Indenture Level No. 3 Head Bearing Housjnin
Indenture Level No. 4 __

Drawing

Output specification Failure Made Possible causes Symptoms- Effect of Failurc
functional description SN Description detectability Local Effect End Effect

30.4 Hlead 30.4.01 hlead Bearing Faulty casting Hligh current -no head Incipient 14
Bearing housing cracked or material -conveyor will shaft loss of
Housing or broken not run rotation conveyor

-trays tilt operaLion
Houses the or cock
inboard and
outboard
shaft bearing

I?

I
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E J.,U E_ MODEANDE EEaC_T_A L.Y SaSA .E A . Contract No. N00024-72-C.5500

Organiation KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Symptoms- Effect of Failure Existing Level Failure_ Smtm-compensating of prob- Rer ;ks and Recommendations
detectability Local Effect End Effect provision Severity ahility

ting High current -no head Incipient None 4 1 Replace head shaft bearing

-conveyor will shaft loss of- housing. This contractor
not run rotation conveyor has never experienced a

-trays tilt operation failure in this part after

or cock having produced vertical

conveyor systems for over

20 years and over 400 units

produced.

+; P g e - 58 -
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EAILULM .E ANEEEC NA LYSIS
Indenture Level No. 1 VERTICAL CONVEYOR SYSTEM REPOR
Indenture Level No.O2 perat ing ystem
Indenture Level No. 3 Head Slia t Sprocket

iV Indenture Level No. 4
Drawing

Failure Mode Effect of Failure Ex.
Output specification Possible causes Symptoms- cam
functional description SN Description detectability Local Effect End Effect pr

30.5 Ilead Shaft 30.5.01 Worn head shaft -misalignment -polished Same as Rough N

Sprocket sprocket -abnormal jams teeth symptom conveyor

-abnormal -ridges in operation
This item is loading teeth

the sprocket

which becomes 30.5.02 Sprocket key -repeated Tilted or Jam at Loss of Keys s
the driver and stress failure jams cocked trays head or conveyor maxim
load support -weak or tail cams operation of 913

for the carrier faulty materia jam Co
trays

=1

I
'I
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AILV MQOD~IANDEEECT ANALYIS.
REPOR Contract No. N,1002472-C-5500

Organizationl KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: , DATE:

Symptom$- Effect of Failure Existing Level Failure
Sytoms-bily compensating of prob- Remarks and Recommendations

Local Effect End Effect provision Severity ability

t -polished Same as Rough None 2 1 Replace head shaft sprocket

s teeth symptom conveyor

-ridges in operation

teeth

Tilted or Jam at Loss of Keys see a 4 1 Rework key seat and replace

cocked trays head or conveyor maximum stress keys

tall cams operation of 9134 psi at

Lia jam condition

Page -59-
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Indenture Level No. 1 VERTICAL ,ONVEY9R SYSTEM E.EPRJPR
Indenture Level No. 2 Operating System
Indenture Level No. 3 Carrier Chain Section
Indenture Level No. 4

Drawing Commercial Part

Failure Mode Effect of Failure
Output specificetien Possible causes Symptoms- co I

functional description SN Description detectability Local Effect End Effect

30.6 Carrier 30.6.01 Stretched or -repeated or Tilted or Jams at Loss of Chain'
Chain Section distorted excessive jams cocked trays head or conveyor never

carrier chain -faulty tail cams operation more

The carrier material of ull
chain section strenl

is the
connecting link

between each of
the trays and
the drive

system.

.J1.



E A.lUk_' M____AN DUE ETAN A 1.YSRE UPEEsI Contract No. N00024.72-C-5500

Organization KORNYLAK CORPORATION

By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Symptoms- Effect of Failure Existing Level Failure
-mt compensating of prob- Remarks and Recommendationsdetectability Local Effect End Effect provision Severity ability

or Tilted or Jams at Loss of Chains are 4 1 Replace faulty chain.
jams cocked trays head or conveyor never loaded to Note: This condit-ion i

tail cams operatiun more than 10% highly improbable due to

of ultimate design loading of chain.
strength

Pa - 6( -
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FA|LURE D ND EF.EECT AALYSIS
Indenture Level No. 1 VLBYCAL CONVEYOR SYSTEM
Indenture Level No. 2 0perati n S lstem
Indenture Level No. 3 Carrier Link
Indenture Level No. 4

Drawing

Otusecfcto ______Failure Mode Jffe___o__Failure
Output specification Possible causes Symptoms. Effect of Failurecofunctional decip.n.-ecailt

description SN Description deectability Local Effect End Effect

30.7 Carrier 30.7.01 Stretched or -repeated or Tilted or Jams at Impending N
Link distorted link excessive jams cocked trays head or loss of

-faulty tail cams conveyor
The carrier linh material operation
provides the
bearing and the
linkage to 30.7.02 Worn sleeve in -faulty -conveyor Same as Impending N
connect the link material runs rough end effect need to
chain sections -long use -conveyor overhaul
from tray t.o -lack of is noisey system
tray. lubrication



BEPOR Contract No. N00024-72-C-5500

Organization KORNYLAK CORP'ORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Effect of Failure Existing Level Failure
Stoms- compensating of prob- Remarks and Recommendations
detectability Lcal Effect End Effect provision Severity ability

r Tilted or Jams at Impending None 3 1 Replace carrier link and
ams cocked trays head or loss of associated chain parts.

tall cams conveyor
operation

-conveyor Same as Impending None 2 1 Replace carrier link. ExaminE
runs rough end effect need to and replace any associated
-conveyor overhaul worn chain parts.
is noisey system

Page - 61 -
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EA!J.U E. _
Indenture Level No. 1 VERTICAL CONVEYOR SYSTEM REPI
Indenture Level No. 2 Operating System
Indenture Level No. 3 Chain Pin
Indenture Level No. 4

Drawing

Failure Mode Effect of FailureOutput specification P silcaesSymptoms- €k
Possible causes Smt s.co":

functional description SN Description detectability Local Effect End Effect

30.8 Chain Pin 30.8.01 Loss of cotter Cotter pin not Difficulty Bent side Impending

pin allowing bent suffici- with or loss plates on loss of

chain pin to entty to keep of proper chain or on linkage in

The chain pin slide out of chain pin engagement carrier system

connects the position engaged. with sprocket link

chain to the -incomplete

carrier link assembly or
repair

I"



EAI.L.U!R..MO- E-ANPJ)EETAN A LY,M-IEPECLAI Contract No. N00024-72-C'5500

Organization KORWYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP. J

APPROVED: DATE:

Effect of Failure Existing Level Failure
deteS biyL l E c Ed Ecompensating of prob. Remarks and Recommendations
detectability Local Effect End Effect provision Severity ability

not Difficulty Bent side Impending None 4 1 Replace associated damaged
ci- with or loss plates on loss of parts.
eep ot proper chain or on linkage in Note: This can only occur

engagement carrier system if proper repair or assembly
with sprocket link procedures are not followed.

e

r
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FAILURE MODE AND EFFECT ANALYSIS
Indenture Level No. I VERTICAL CONVEYOR SYSTEM REFDI
Indenture Level No. 2 Operating System
Indenture Level No. 3 Carrier Shaft

Indenture Level No. 4Oravwing 2-1026-P28

Failure Mode Effect of Failure Eid
Output specification FiueMd Possible causes Symptoms- comp

functional description SN Description detectability Local Effect End Effect pru

30.9 Carrier 30.9.01 Excessive Jammed under -visible Jam may Probable Systes

Shaft torsional full force of misalignment occur in loss of prote,
stress causing maximum of carrier tail or conveyor torqu -

shaft to be reducer output tray head cam operation which j
bent or broken -loose carrier plates or prote

tiay in vertical by cato
track to sli_

i°
)1



FAILURE MODE AND EFFECT ANALYI&
REHM Contract No. N00024-72-C-5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Effect of Failure Existing Level Failure
Symptoms- compensating of prob. Remarks and Recommendations
detectability Local Effect End Effect provision Severity ability

'r -visible Jam may Probable System is 3 2 Replace carrier shaft and
of misalignment occur in loss of protected by associated parts. May need to

of carrier tail or conveyor torque limiter reptace tray if damaged.
put tray head cam operation which should

-loose carrier plates or protect conveyor
tray in vertical by causing drives

track to slip

Page - 63
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_-_____ E_ rAIvM V EEFECTA NA IS v1S
Indenture Level No. I VERTICAL CONVEYOR SYSTEM R.EPOBI
Indenture Level No. 2 Operating System
Indenture Level No. 3 Guide Arm and Guide Arm Cap
Indenture Level No. 4

Drawing 2-1026-P-27 and 2-1026 47F

Output specification Failure Possible causes Sy ptms-
functional description SN Description detectability Local Effect End Effect

30.10 Guide Arm 30.10.01 Key and cap Jammed under a Guide arm Tray runnin Incipient System
.30.11 Guide Arm 30.11.01 shear limit full force of loose on shaft out of jams can protec
Cap exceeded maximum chain -guide arm horizontal occur in torque

pull cap distorted position head or which
-tray loose tail cam cause

The guide arm in track plate or convey
and guide arm guides in side cease
cap control the guides
attitude of the
tray from
horizontal to
vertical as the
tray travels
around the tray
pith



.AIIUJJ1 ..MQA_ D. EEELANALYSIS._
uEMQBI Contract oo. M00024.C5,IS

Orprnbatio KURNYLAK CORPKAARION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: D DATE:

Symptoms- Effect of Failure Existial ___ Failure
Symptoms- compensating of pteh- RematIs and Recemme atiensdeetbiiyLocal Effect End Effect provision Seveity ability

er a Guide arm Tray runnin Tncip.ent System is 4 1 Replace guide arm and guide
of loose on shaft out of jams call protected arm cap and associated

ain -juide arm horizontal occur in torque limiter dannaged parts.
cap distorted position head or which should

-tray loose tail cam cause the
in track platp or cunveyor to
guides in side cease operation

guides

P.7 P- 64 -
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FAILURE MODEANDEE N LYSIS
hidenture Level No. 1 VERJICAL CONVEYOR SYSTEM REOB
hndenture Level No. 2 uperati g Sys t enm
Ideture Level No.3 Cam FoLlower FLar,,,d/Cam Follower

Ind-,iture Level No. 4
guommercTal Part

Draing

Failure Mode Effect of Failure Exist_
Output specification Se itoPossible causes Symptoms- , .compein
functional description SN Description detectability Local Effect End Effect provo

30.12 Cant

Follower Flanged

30.13 Cam

Follower

These cam

followers guide

the tray througi

its manuevers

on the tray pati

iA

_3

~~A
:1A



FALLHREEMOJDE _AND EEEET ANLYSI S
BEPQ.B Contract No. N00024-72"C'5500

Organization KORNYLAK CORPORATION '

By ENGINEERING DEPT.., KORNYLAK CORP.

APPROVED: ......... DATE:"

Symptoms. Effect of Failure Existing Level Failurecompensating of prob- Remarks and Recommendations
detectability Local Effect End Effect provision Severity ability

--- --- There are no discernable means

of failure evident by our
calculations
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FAORE F.EE_-TANAYSI-_
Indenture Level No. 1 VERTICAL CONVEYOR SYSTEM HE.MERT
Indenture Level No. 2 Operating Systoms
Indenture Level No. 3 Carrier
Indenture Level No. 4

Drawing

Failure Mode Effect of FailureOutput specification Possible causes Symptoms. comp

functional description SN Description detectability Local Effect End Effect proJ

30.14 Carrier 30.14.01 Excessive Jammed under VlIible bolt Same as Carrier Carrier

torsional stres full chain failure, symptom tray may held in

load at tip Carrier tray jam in ony using s

of tray finger not in normal position which s

posri tion above I

setting

*1-I

I1

IJ

C ,



FAIWO .FE. MQ7E..AN7E 7F__STANALY..S.
REEQT-AQ _ 

Contract Nu. N00024.72.C.5500
Orgnixation KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Symptoms. Effect of Failure Existing Level Failure
Sec ity compensating of prob- Remarks and Recommendations

detectability
LocalEffectprovision Severity aility

Vi',ble bolt Same as Carrier Carrier tray 2 2 Drive out shear bolt: stubs.
faiLure. symptom tray may held In position Re-position carrier. Replace
Cartrier tray jam in ,ny using shear bolt shear bolts with exact

ger not in normal position whfch shear replacement. Reset TOL.
posi tion above 1O

settiug

Pag -276 6
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Indenture Level No. I VERTICAL CONVEYOr, SYSTEM
lIdenture Level No. 2 OIperating System

Indenture Level No. 3 Front Track and Rear Track

'-denture Level No. 4
Drawing

Output specificatioMode Effect of Failure

functional description SN Description detectability Local Effect End Effect

30.15 Front 30.15.01 Tracks worn or Repeated jams Conveyor runs Same as -possible Torqu

Track 30.16.01 distorted rough symptom high curren. can a

30.16 Rear -possible same s,

Track nuisance overc
1OL cut out roughn

The track systen
controls the

attitude of the

tray from 30.15.02 Tracks broken Repeated jams Conveyor jams High Pending Torque

horizontal to 30.16.02 at broken current loss of slips

vertical in the track IOL cuts conveyor

tront to rear out operation

travel of the cam roll

carrier jams in

broken

track

A,



!FALJURE MODE A_ DL F F ECT ANALYSIS
FAIUR] RTi EContract No. N00024.72-C-5500

Organization' KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Symptums- Effect of Failure Existing Level Failure
_ _.___ Sym t compensating of prob- Remarks and Recommendationsdetectability Local Effect End Effect provision Severity ability

ares Conveyor runs Same as -possible Torque Limiter 2 2 Straighten and/or remove
rough symptom high curren can absorb rough spots in track. Remove

-possible same shock or and replace faulty track

nuisance overcome section

IOL cut out roughness

ams Conveyor janis High Pending Torque Limiter 4 2 Remove and replace faulty
at broken current loss of slips track section
track IOL cuts conveyor

out operation

cam roll
jams in

broken

track

Page - 67 -
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EAl LURE NOVEANDFEfTIANALYSta.
Indenture Level No. I VERTICAL CONVEYOR SYSTEM BEJ!F1QE.
Indenture Level No. 2 Operating System
Indenture Level No. 3 Tail Cam Plate
Indenture Level No. 4

Drawing

Failure Mode Effect of FailreOutput specification Possible causes Symptoms- Effec.... ..... e c
functional description SN Description detectability Local Effect End Effect

30.17 Tail 30.17.01 Cam tracks Repeated jams Conveyor runs Same as -possible

Cam Plate worn or r.,ugh symptom high can ab
distorted current shock

-possible come
The rai I Cain nuisance
Plate causes 

]O, cut out
the carrier 

-excessive
tray to make 

slippage of
horizontal to Torque
vertical 

Limi ter
transition as
the carrier 30.17.02 Cam tracks Repeated jams Conveyor jams l11gh Pendtng Torque
trays move broken at broken current loss of slipsfront to back track 70 cut s conveyor

out operation
cam roll
jams in

1 roken
track

4

)



EAI LUJ -M.A.D_ F--F-DEEC-_AN.AL.YSS.
EPOL: Contract No. N00024.72-C-5500

Organization KORNYLAK CORPORA[ION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Symptoms- Effect of Failure Existing Level FailurL
d c i compensating of prob- Remarks and Recommendations

detbiiyLocal Effect End Effect prouision Severity ability

ares Cotiveyor runs Same as -possible Torque Limiter 2 2 Straighten and/or remove
rough symptom high can absorb some rough spots in cam track.

current shock or over- Remove and repiace faulty
-possible come roughness cam plate

nui sance
10, cut out
-excessive

slippage of
Torque
Limi ter

ams Conveyor jams High Pending Torque Limiter 4 2 Remove and repair cam plate
a:t broken current loss of slips or replace faulty cam plate
track TOL cuts conveyor

out operation

cam roll
jams in
broken
track

For- 6$ -

; ' Fo~ N,, 1/6 6



FAILURE MODE AND EEEffMTIANALSI
Indenture Level No. 1 VERTICAL CPNVEYOR SYSTEM R M EP R
Indenture Level No. 2 Operating System
Indenture Level No. 3 Tail Shaft Sprocket
h-denture Level No. 4

Draweing

Output specification Failure Mode symptoms- Effect o! Failure E
futiona sp cition Psilca esym t s--,,cnno
functional description SN Description detectability Local Effect End Effect

30.18 Tail 30.18.01 Worn shaft -misalignment -polished Same as Rough
Shaft Sprocket sprocket -abnormal teeth symptom conveyor

jams -ridges in operation
-abnormal teeth

'[his iten loading
becomes the
main support
arid take-up for
Lhe carrier
chain and guides
the guide arms
through the tai
Cint plate

I

I

I- -

~1i



FAIL REMDANDEEfFECTANALYSIS_
REPORT Contract No. N00024-72-C-5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: _ DATE:

Symptoms- Effect of Failure Existing Level Failure
..et... compensating of prob- Remarks and Recommendationsdetectabiity Local Effect End Effect provision Severity ability

nt -polished Same as Rough None 2 1 Replace tail shaft sprocket
teeth symptom conveyor
-ridges in operation
teeth

Page -69-
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.ALIJL.E.MPAN_EF FEC ANAL.YL
Indenture Level No. I VERTICAL CONVEYOR SYSTEM .PQJEI
Indenture Level No. 2 Onerating System
Indenture Level No. 3 Tail Shaft Bearins (s 

Indenture Level No. 4
Drawing Commercal Part

Output specification Faiure Mode Symptoms- Effect of Failure
Oupu..ecfiatonPossible causes coral

functional description SN Oescription detectability Local Effect End Effect

30.19 Tail 30.19.01 Frozen bearing -lack of prope-ligh current No tail Conveyor

Sha[t lubrication -conveyor will sprocket Inoperative
Bearing (s) -contamination not run rotation

-improper

alignment
Support's the

tail shaft (s)

at both the 30.19.02 Dynamic -normal wear -high current Trays may Incipient Bearin

inboard and failure and tear -erratic rock jams at sized

outboard end -overload operation cam track B-10 I
of the tail plates 30,000

shaft and an_

life o

hours
oi3



FAILLU _.MQDE AN __FFCTA LY.S.
REPO. Contract No. N00024-72-C-5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Effect of Failure Existing Level Failure
.... ... compensating of prob. Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

rope! -Iigh current No tail Conveyor None 4 1 Service manual requires
n -conveyor will sprocket inoperative per/.odic inspect ion and

tion not run rotation lubrication of tall shalft:
bearings

ar -htigh current Trays may Incipient Bearings are 2 1 Reulace head shaft: bearings
-erratic rock jams at sized for a
operation cam track B3-10 life of

plates 30,000 hours
and an average
life of 150,000
hour s

Page 7 0-
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EALLURE MODANAEEELARALY I
Indenture Level No. 1 VERTICAL CONVEYOR SYSTEM REEQBI
Indenture Level No. 2 Operating System

Inture Level No. 3 -Chain Take-up

-nture Level No. 4 __________________

Output specification FailureMode Possible causes Symptoms- Effect of Failure c
-'functional description SN Oescription detectability Local Effect End Effect

30.20 Chain 30.20.01 Loose lock -vibration -loose carrier Incipient -same as
Take-up bolts -improper chain jams at local effec.

Loose Jack adjustment -trays rock head or -possible
screws -repeated or tilt tail cam loss of
Broken jack jams plates conveyor
screw operation

AI



EAIL.LME M. PANDLE _E LANALYISS
REPOR Contract No. N0002412.C-5593

Organiation IDRIVYLVAK CORPORITION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: ___ DAT:.

Symptoms Effect of Failure Existing Leyel Failure

Syptoms-bii I compensating Of pob- Rmarks and RecomOndmins
detectability Local Effect End Effect puevisien Seveity aiity

-loose carrier Incipient -same as None 2 1 Repair or replace broken
chain jams at local effec. parts - correct take-tip

-trays rock head or -possible adjustment

or tilt tail cam loss of
plates conveyor

operation

- i



FALURMQ"RQ_ ECT .AMALYU j
Indenture Level No. VERTICAL CONVEYOR SYSTEM EMi
Indenture Level No. 2 Operating System

Indenture Level No. 3 -tead Driven Sprocket
Indenture Level No. 4

Drawing Commercial Part

specification Failure Mode Effect of Failure E x

fuctio l espci tion ,Possible causes Symptoms- ,COfunctional description SN Description detectability Local Effect End Effect pIO

30.21 Ilead :30.21.01 Worn or Reppated Janis Trays may Incipient Incipient
Drivet, Sprocket distorted tilt or cock jams at loss ofkeyways and/or head or tal conveyor

keys at cams operaton

Connects the sprockets
Jack shaft or
reducer output 30.21.02 Sprocket key -repeated T1lted or Jams at loss of Keys sl
sprocket to

the head shaft stress jams clicked trays head or conveyor maximu-
sprocket failure -weak tall cams operation undermaterial condit

-Ii

I
_ _ _ _ _ _ _ _ _ _ _ _ I _

~' i*

- ~ -~ -



[ALLURE. AND-f-FcAMALYSIS
B .. KT. Contract No. N00024-72-C-5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Symptoms- Effect of Failure Existing Level Failure
compensating of prob. Remarks and Recommendationsdetectability Local Effect End Effect provision Severity ability

ams Trays may Incipient Incipient None 1 1 Replace sprocket and keys.
tilt or cock jams at loss of Remove sprocket and rework

head or tal conveyor keys and keyways.
cams operation

Ti I ted or Jams at 1.oss of Keys see a 4 1 Replace worn or distorted
cOcked trays head or conveyor maximum stress keys

tail cams operation wnder jam
conditions

Pa,,- 71-
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FAILURE MODEANDEEEET ANALYIS-
Indenture Level No. 1 VERTICAL CONVEYOR SYSTEM BEOE.B
Indenture Level No. 2 Control System
Indenture Level No. 3 Control 1 er

li",,ture Level No. 4 Reversiniz Starter
Drawing Comerci al Part

Failure Mode Effect of Failure Exisl

Output specification Possible causes Symptoms- .._compe

functional description SN Description detectability Local Effect End Effect pro

40..1 40.1.1.1 Starter will Burned out coi LConveyor will Conveyor Conveyor Use spe

Three-speed not operate or burned or run okay in does not not fully which ar

Reversing motor at 1800 worn cotacts 900 and 1200 run in one oprarive operativ
Starter- RPM in either on 1800 RPM RPM mode but or more in all

up or down starter not in up or directions speeds

The three-speed direction down at 1800 at 1800 RPM

reversing start- RPM
er is provided
to give up/down 40.1.1.2 Starter will no -Burned out coi Conveyor will Conveyor Conveyor Use sped

directions and operate motor or burned or run at 900 and does not not fully which ar

spued selection at 1200 RPM in worn contacts 1800 RPM but run in up operative operati

of 8, 10.7, o, one or both in 1200 RPM not in up or or down in all

16 trays per directions starter down mode at mode at speeds

minute 1200 RPM 1200 RPM

40.1.1.3 Starter will Burned out coi Conveyor will Conveyor Conveyor Use spee

not operate or burned or run at 1200 does not not fully which at

motor at 900 worn contacts and 1800 RPM run in up opecative operati,

RPM in one or in 900 RPM but not in or down in all

both directions starter up or down mode at 900 speeds
mode at 900 RPM
RPM

- -
,p__-

/J



EAILU_ E MOD AN NEFECT-A LYSISAL E EL Contract No. N00024-72-C-5500
13.EC~BIOrganization KORNYLAK CORPORATION

By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: ...... DATE:

Symptoms Effect of Failure Existing Level Failure
compensating of prob- Remarks and Recommendationsdetectability Local Effect End Effect provision Severity ability

oi Conveyor will Conveyor Conveyor Use speeds 1 I Repair or replace coils or
-r run okay in does not not fully which are contacts or entire 1800 RPM
ts 900 and 1200 run in one operative operative starter

RPM mode but or more in all

not in up or directions speeds
down at 1800 at 1800 RPM
RPM

coi.Conveyor will Conveyor Conveyor Use speeds 1 1 Repair or replace coils or

run at 900 and does not not fully which are contacts or entire 1200 RPM

ts 1800 RPM but run in up operative operative starter
not in up or or down in all
down mode at mode at speeds
1200 RPM 1200 RPM

xcoi-Conveyor will Conveyor Conveyor Use speeds I Repair or replace coils or
r run at 1200 does not not fully which are contacts or entire 900 RPM
ts and 1800 RPM run int up operative operative starter

but not in or down in all

up or down mode at 900 speeds

mode at 900 RPM
RPM

Page - 71 -
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EAMLiffE MOEANEEECANAL YS IS
Ildenture Level No. 1 VERTICAL CONVEYOR SYSTEM
Indenture Level No. 2 Pontrol System

Indenture Level No. 3 "Control ler

Indenture Level No. 4 Thermal Overload
Drawing Commercial Part

Failure Mode Effect of Failure ExiW,_
Output specification Possible causes Symptoms- compe-t"

functional description SN Description detectability Local Effect Eid Effect prov

40.1.2 Thermal 40.1.2.1 One or more Burned out or -motor may No motor Conveyor Emergency
Overload heater element interrupted "single-phase" RPM inoperative switch

inoperative heater coils -motor may not
Protects the run and may

motor against overheat
high current
overloads in

all of the 40.1.2.2 One or moie bi- -high tempera- -none under No protect- Motor may Non
three phases metallic strips ture due to normal opera- ion if phas- overheat

melted or high current tion - frequentwithout the if phase
broken -faulty or cutting-out of IOL is lost with lost

aged strip 10 if phase thermal
with IOL is overload
lost and becomes
overloads overloaded
-high current -loss of
-motor over conveyor if
heats if lost motor burns
phase not in out
same phase
with IOL

iN

-).-=,



EALLU.RE MQ EANf.fEFEE ANALYSIS
REPORT Contract No. N0002472-C-5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Effect of Failure Existing Level Failure
Sym.to.s..compensating of prob. Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

r -motor may No motor Conveyor Emergency run 4 1 Rest of thermal overloads

"single-phase" RPM inoperative switch would open - if failure not

s -motor may not in 1OL phase, 10 would open.

run and may

overheat

a- -none under No protect- Motor may None 2 1 Perform checks of safety

normal opera- ion if phas overheat devices to assure operational

tion - frequentwithout the if phase capability per technical
cutting-out of 1OL is lost with lost manual.

10L if phase thermal
lithOThise overload Repair or replace faultywith 101. is overload

lost and becomes thermal overload controls

overloads ovorloaded
-high current -loss of

-motor over conveyor if

heats if lost motor burns

phase not in out

same phase
with 1OL

Page - 74
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EAILURE MODE AND EFFEC ANALYSIS
Indenture Level No. 1 VERTICAL CONVEYOR SYSTEM REPOR
Indenture Level No. 2 Control System
Indenture Level No. 3 Controller
hndenture Level No. 4 Instant Overload Relay (IOL)

Drawng

Output specification Failure Mode 1 Effect of Failure Ex
Ont scition SNPossible causes Symptoms- corn

functional description SN Description detectability Local Effect End Effect pro-

40.1.3 InstanL 40.1.3.1 -burned or -faulty or -motor will No motor Conveyor Emergen
Overload Relay interrupted aged Laterial single phase RPM inoperative switch
(1OL) coil -motor will

hum and may
overheat

This element -high current
protects the -motor may
motor against a burn out
high current windings not
condition. It in IOL circuit

is set to cut
ouL at: 115%
of normal
load current.



[AILURE MODE AND EFFECT ANALYSIS
RED.B Contract No. N00024-72-C-5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Symptoms- Effect of Failure Existing Level Failure
cympt compensating of prob- Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

-motor will No motor Conveyor Emergency run 3 1 Thermal overloads would open
single phase RPM inoperative switch due to single phasing of
-motor will motor circuits. Repair or

hum and may replace faulty instantaneous
overheat overload control.
-high current

-motor may

burn out

windings not

in 1OL circuit

1age - 75 -
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Indentue EARE FETANALYSIS
Ideture Level No. 1 ERIC CNVEYOR SYSTEM PI:.. R
Indenture Level No. 2 -on rol S L em

Indenture Level No. 3 Coil t ro I I e r

Indenture Level No. 4 IOL By-pass Timer

Drawing

Failure Mode Effect of Failure Ex_

Output specifictinPussile causes Symptoms- Ee fF u_
fnOldt sciption Possible___ causes_________ ___________unctio descriptionescriptio detectability End Effect pro"

401. lb y-4.14. Brnd rLocal Effect Encfetoo

40.1.4 10, By- 40.1.4.1 Burned or -solenoid Motor starts Motor will Conveyor Emergenc
pass Timer interrupted sticking but stops not run inoperative switch

coil -worn linkage when 10 kicks continuousIl
-insulation out

Tibner allows breakdown

three to five -burned contac s
seconds for higi

tart.ng motor 0.1.4.2 Cracked or Worn or aged Motor starts Motor will Conveyor Emergent
current to broken bellows material but stops not run inoperative switchI

reduce to a when 1OL kicks continuousl

value that can out

be protected by
[Oil 40.1.4.3 Air bleed hold -mechanical None under No Motor may Conveyoi

has stopped up damage normal protection overheat if run but

in bellows -dirty operation from IOL system gets with IO
atmosphere jammed or protecti

overloaded

-I

. ° _ -- .., ....

C'

t



Rif-

LI I
EAILUREMODEANDE ECTANALYSI

REPOB Contract No. N0002472C-5500
Organization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Effect of Failure Existing Level Failure
Secat - Ecompensating of prob- Remarks and Recommendations

Local Effect End Effect provision Severity ability

Motor starts Motor will Conveyor Emergency run 3 1 Thermal overload will open due
but stops not run inoperative switch to high motor current. Repair

e when 1OL kicks continuousl or replace faulty 10 by-pass

out timer

tac s

Motor starts Motor will Conveyoi Emergency run 3 1 Thermal overload will open due

but stops not run inoperative switch tn high motor current. Repair

when 1O kicks continuousl or replace faulty IO by-pass

out timer

None under No Motor may Conveyor will 3 1 Thermal overload will handle

normal protection overheat if run but not if high current. But mechani-
operation from 10 system gets with 1OL cal damage may result before

jammed or protection thermal overload can protect
overloaded system.

Page- 76-
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FAILURE MODE AND EFFECTIANALY=$.
Indenture Level No. 1 VERTICAL CONVEYOR SYSTEM .
Indenture Level No. 2 Cont roil Systemti
Indenture Level No. 3 Controll er

lu"'oiture Level No. 4 110 Volt Transformer

Drawing Commercial Part

Output s i Failure Mode Effect of Failure ExiSt4

Possible causes com1J3S

functional description SN Description detectability Local Effect End Effect provil

40.1.5 440V to 40.1.5.1 Burned out or -faulty or Relays and No power Conveyor Non

IIOV Transformer shorted overage starters will to control inoperative

winding material not operate part of

-mechanical system

This 110V damage
Ltransf ormer

supplies the

power to operatt

all control

circuits

AI



[ E&LU_.BE MQDfEAND-EFFECT ANALYISUREPO R T Contract No. N 00024-72.C 5500

Organization KORNYLAK CORPORATION
By . ENGINEERING. DEPT., KORNYLAK CORP.

APPROVED: DATE:

Effect of Failure Existing Level Failure
Symptoms. compensating of prob. Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

Relays and No power Conveyor None 2 1 Rewind or replace faulty

starters will to control inoperative transformer.
not operate part of

system

Page -77
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EAILLRE D.EANDEECTANAL 15
Indenture Level No. I VERICA CONVEYOR SYTEM  RE..
Indenture Level No. 2 _cont roI Syst em J
lideiture Level No. 3 Cont rol I er
Indenture Level No. 4 ,peed Relays-

Drawing Conine rc 1 a]

Failure Mode Effect of Failure Exi
Output specification Possible causes Symptoms- comp"
functional description SN Description detectability Local Effect End Effect pro4

40.1.6 First 40.1.6.1 Burned out -faulty or Speed Same as end Conveyor Use oper
Speed Relay coil overage selection effect limited to speeds
40.1.7 Second material limited to two speeds remaini 9
Speed Relay -mechanical two remaining
40.1.8 Third damage to speed relays.
Speed Relay coil.

40.1.6.2 Burned or -mechanical Speed selec- Same as Conveyor Use at
These speed welded contacts damage tion limited end effect limited to speed o-
relays are -overheating to one speed- single
provided so as of contacts same as locked speed

to make proper in relay
selection of

speeds from the
Cont.rol Ier. they

are interlocked

in the circuit

so that only
one can operate
at. any one tive.

74



IL EPO.. Contract No. N00024-72-C-5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT.. KORNYLAK CORP.

APPROVED: ,_ , DATE:

Effect of Failure Existing Level Failure
Sympt compensating of prob- Remarks and Recominmndaijonsdetectability Local Effect End Effect provision Severity ability

Speed Same as end Conveyor Use operable 1 1 Replace coil.
selection effect limited to speeds
limited to two speeds remaining
two remaining
speed relays.

Speed selec- Same as Conveyor Use at one I I Replace contacts or replace
tion limited end effect limited to speed only relay
to one speed- single
same as locked speed
in relay

Page - 78 -
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FAILURE MODE AND EEFECTANALYSIS
Indenture Level No. I VERTICAL CONVEYOR SYSTEM .EPOR
Indenture Level No. 2 Control Systen
Indenture Level No. 3 Con tro ll er
I.-1,.,ture Level No. 4 Over-the-door Jam Sensing Relay

Drawing ConunercT al Part

Output specification Failure Mode Effect of Failure Exh
functional description Possible causes Symptoms- compel

SN Description detectability Local Effect End Effect pro,

40.)," Over- 0.1.9.1 Burned or -mechanical No current Same as Conveyor Non
the-door Jai shorted coil damage to motor end effect inoperative
Sensing Relay -faulty or

overage A

The over-the- material
door Jam Sensin
Relay is provi-
ded to protect 40.1.9.2 Contacts welded -high current None None Conveyor Torque 4
the conveyor together -faulty operative will ta
if a package material but does at 115.1
is out of not have full log
position such over-the- torque
that it would door
jam between the protection
tray and the
door in a

strike-up mode.

*1',

1I



FAILURE ODE AND EFFECT ANALYSIS
REPORT Contract No. N00024-72-C-5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: _ DATE:

Effect of Failure Existing Level Failure
Symptoms- compensating of prob- Remarks and Recommendations
detectability Local Effect End Effect provision Severity ability

No current Same as Conveyor None 3 1 Replace faulty coil or replace
to motor end effect inoperative over-the-door Jam Sensing

Relay

t None None Conveyor Torque Limiter 2 1 Replace Over-the-door Jam
operative will take over Sensing Relay

but does at 115% of

not have full load

over-the- torque

door

protection

Page- 7q-
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____________________ELULUmE. MOVE-ANDE EFECT ANALYSIS
Identure Level No. I VERTICAL CONVEYOR SYSTEM EPlRI
Indenture Level No. 2 WontroJ System
Indenture Level No. 3 Cont ro ll er

Indenture Level No.4 Load/Unloader Interlock Jam Sensing Relay

Drawing Cormerci al Part

Output specification Fdilure Mode Symptoms- Effect of Failure Ex
functional description SN Description detectability Local Effect End Effect cor

40.1.10 0.1.10.1 Burned or -mechanical No current to Same as end Conveyor No
Load/Unloader shorted coil damage motor in down effect inoperative
Interlock Jam -faulty or mode in down
Sensing Relay overage mater- mode

ial
This jam sensinV
relay is providcd
to protect the 40.1.10.2 Contacts -high current None None Conveyor Torque
conveyor in the welded -faulty operative will ta
down direction together material but does at 115/.
if any platform not have load to
is il the loader/
horizontal unloader

position protection



EALM _EPEAN-IEEFEC ANALYSM
REPOB Contract No. N00024-72-C-5500

Organization KORNYLAK CORPORATION
elay By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Symptoms- Effect of Failure Existing Level Failure
compensating of prob- Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

No current to Same as end Conveyor None 3 1 Replace faulty coil or replace

motor in down effect inoperative loader/unloader interlock jam
mode in down sensing relay

er- mode

t None None Conveyor Torque Limiter 2 1 Replace loader/unloader
operative will take over interlock jam sensing relay
but does at 115% of full
not have load torque

loader/
unloader

protection

Page - 80 -

Form N, 216 6



EAILURE MODE AND EFFECT ANALY.SIS
Indenture Level No. 1 VERTICAL CONVEYOR SYSTEM REPORT
Indenture Level No. 2 Control System
Indenture Level No. 3 Controll er

F 1onture Level No. 4 Audio Signai rimer
Drawing Commercial Part

Failure Mode Effect of Failure Ex
Output specification Possible causes Symptoms- cEfc o

functional description SN Description detectability Local Effect End Effect pros

40.1.11 Audio 0.1.11.1 -burned or -faulty -no warning No current Conveyor Non

Signal Timer open coil material sound to motor inoperative
-welded -overage -conveyor
contacts material will not run

This signal -mechanical
timer i- provldd damage
to warn users
that the
conveyor is abot
to start. The
conveyor starts
only after the
warning signal
ceases



EAILURE MODE AND EFFECT ANALYSIS
REP Contract No. N0002472-C-5500

Organizatio,, KURNYLAK CORPORATION
By - ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Effect of Failure Existing Level Failure
Symptoms- compensating of prob- Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

-no warning No current Conveyor' None 2 1 Repair or replace audio

sound to motor inoperative signal timer.

-conveyor

will not run

Page - 81 -
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ELfLAUA LYQDLMDEFETSJAN
Indenture Level No.1 VERTA CNVEYOR SYSTEM
Indenture Level Ito. 2 Control Syst:em

Indenture Level No. 3 Controller Station
Indenture Level No. 4 Power Of f/On Sel ector switch

Drawing Commercial Part

Failure Mode Effect of Failure ExiOutput specification .. .. osie ue Symptomns- ,.. . o p

functional descriptioniI Dsrpin osbecue detectabilityLoaSN Description Local Effect End Effect proy

40.2.1 Power 40.2.1.I -Burned contact.,-Faulty -Red "Power No power to Conveyor Noi
Off/On Selector -Worn contacts naterial On" light does motor inoperativ
Switch -overheating not light.

-overage -No power to

material control circui

This switch is -over usage

provided to
turn on main
control power.



EA]WR.J EMOEAND E F ECT ANALYSI

REContract No. N0002472-C-5500
Organization KORNYLAK CORPORATION

By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Effect of Failure Existing Level Failure
Symptoms- ....o -compensating of prob- Remarks and RecommendationsdeetbiiyLocal Effect Enad Effect provision Severity ability

-Red "Power No power to Conveyor None 3 1 Replace power off/on switch.
n" light does motor inoperativc

not IIght.
-No power to

control circui

Page -82-
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FAILURE MODE AND EFFECT ANALYSIS
Indenture Level No. I VERTICAL CONVEYOR SYSTEM R.E_.FI
Indenture Level No. 2 Control System
Indenture Level No. 3 Controller Station
I.denture Level No. 4 Three-position Speed Selector Switch

Drawing Commercial Part

Output specification Effect of Failure Ex

fu tput sci ption Possible causes Symptoms- Camp 

functional description SN Description detectability Local Effect End Effect pros

40.2.2 Three- 40.2.2.1 Burned or worn -Faulty One speed Same as end Conveyor Use ope

position Speed contacts in one material range is effect operates il speeds

Selector position -Mechdni- al inoperable two speeds
Switch damage only.

-Overheating

-Overage

This switch is material

provided for

speed selection 40.2.2.2 Burned or worn -Faulty Two speed Same as end Conveyor Use rem'

depending on contacts in two material ranges are effect operates or working

skill of positions -Mechanical inoperable one speed

operating crew damage only

and the desired -Overheating

transfer rate. -Overage
material

40.2.2.3 Burned or worn -Faulty All speeds are No power to Conveyor NO
contacts in all naterial inoperable motor inoperative

positions. -Mechanical
damage

-Overheating
-Overage
material

C



--ILB MOD AN C ANLYI

FAIUREMO E QLEE]LNLY Contract No. N00024-72-C5500

Organization KORNYLAK CORPORAXTION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: ______DATE:

Smtm-Effect of Failure Existing Level FailureSmtm-compensating of prob- Remarks and Recommendations
dtcaiiyLocal Effect End Effect provision Severity ability

One speed Same as end Conveyor Use operational 2 1 Replace faulty speed selection
range is effect operates ii speeds switch.
inoperable two speeds

only.

Two speed Same as end Conveyor Use remaining
ranges are effect operates or- working speed. 2 1 Replace faulty speed selection 1
inoperable one speed switch.

only

All speeds are No power to Conveyor None 4 1 Replace faulty speed selection
inoperable motor inoperative switch.

Page -83-

Form, N') 216 6



EAIUREM IQEANDI .EC-T-EE ILANALY%i
Indenture Level No. 1 VERTICAL CONVEYOR SYSTEM
Indenture Level No. 2 Cout roller Station
Indenture Level No. 3 Power On Light "Red"
Indenture Level No. 4

Drawing Commerci al Part

Output specification Failure Mode Symptoms- Effect of Failure Existi

functional description SN eucrsptgog detectability Local Effect End Effect compei

40.2.3 Power 40.2.3.1 Burned out bulb -Lack of Red light does Same as end Operating Non
On Light "Red" Loose wire. maintenance not come on to effect status is

Faulty socket. -Excessive indicate not known

vibration readiness to operatii
This light -Overage personnel
indicates that niaterial
the I1OV and
440V pow r are

on to the

conveyor



EIjB.M_E PA DfID E __ ALYS5_ Contract No. N00024.72-C-5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT. .KRNYLAK CORP.

APPROVED: DATE:

Effect of Failure Existing Level Failure
Symptoms- compensating of prob. Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability
------_______-.--_____

Red light does Same as end Operating None 1 1 Check wiring - replace bulb

not come on to effect status is or replace power-on red light.

indicate not known

readiness to operatin

personnel

Page - 84 -
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EAILUE MQEA -EEEECIANALYLI
Indenture Level No. 1 VERTICAL CONVEYOR SYSTEM REPOB
Indenture Level No. 2 Control Systeml
Indenture Level No. 3 Controller

l' 'enture Level N . 4 Emergency Run Swi tch

Drawing

O aion Failure Mode Effect of Failure Exi[nOu tp u t sp e c ific a tio n 
P o ssib le c a u se s S yn p to m s -

c o ni.- t

un~ctional description SN Description detectablity Local Effect End Effect pro

40.2.4 40.2.4.1 Emergency run Burned contact None None If conveyor Torque

switch locks should jam will ta
in motor may if torq

'rte emergency buin out reaches,
run switch is due to normal

provided which overheating

overrides the without

overload protection

controls

40.2.4.2 Emergency run Mechanical Detectable None 10 and

switch does not damage only if IOL thermal

make contact or thermal overload

overload cut control

out need to be cannot be

bypassed passed in

case of
emergency



L
EAIMRE,, MOPIANEM -A ALY3S.

RBM.JEL Contract No. N00024.72.C.5500
Oganization KORNYLAK CORPORATION

By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Ef fact of Failure Existing Level Failure
Symptoms- compensating of prob- Remar ks and Recommendations
delectability Local Effect End Effect provision Severity ability

act* None None If conveyor Torque Limiter 2 1 N rmal jam conditions would be

should jam will take over deLected 1y jam switches which

t1otor may if torque would still be operable. This
burn out reaches 115% of would have to be a jam of rare
due to normal or unisual origin, before
overheatirg entergency run s,-itch wo-Ad be
without suspected
protection

Detectable None IOL arid None 1 1 Remove cause of IOL and

only if IOL thermal thermal overload cut ut then
or thermal overload replace emergency run switch
overload cut control
out need to be cannot be
bypassed passed in

case of
emergency

- - - -Pagc -



EAiLUBfMOD_EAND_Ef ECI_ANALYSIS
Indenture Level No. 1 VERTICAL CONVEYOR SYSTEM REPORT
Indenture Level No. 2 Control System

Indenture Level No. 3 Intermediate Station

Indenture Level No. 4 ,reen Power-On Ligl.tOfavving Commerci al Par't "

Output specification Failure Mode Effect of Failure Ex -
Possible causes Symptoms- com

functional description SN Description detectabilty Local Effect End Effect pro"]

40.3.1 Green 40.3.1.1 Burned out bulb -Lack of Light does not Same as end Operational Crew m

Power On Light Loose wire maintenance come on to effect status is call to

Faulty socket -Excessive indicate not known with ot

ibration readiness to crew station

Trhis light is ..Overage readin

provided to material equipm

advise operatin
crew at remote

station that

conveyor is

ready to run

at all other

stations.

'if



EALRLRUREMODEANDEECTANALYSIS
t BEfflI Contract No. N0002472-C-5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP._

APPROVED: DATE:

Effect of Failure Existing Level FailureSymptoms. ________ _______
..ettii compensating of prob- Remarks and Recommentdations

Local Effect End Effect provision Severity ability

ty I I
Light does not Same as end Operational Crew member can 1 1 Check wiring - replace bulb or
come on to effect status is call to or checl replace power-on Jight.
indicate Pot known with other

readiness to crew stations for
readiness of
equipment.

Page - 86 -
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F:A[LLMURE. MD EAJOI__E_ F EUGANA LUI
Indenture Level No. I VERTICAL CONVEYOR SYSTEM REPa'
hlIdenture Level No. 2 Con tro I SY st ell
Indenture Level No. 3 l'em d a eS a o

V,' itureLevelNo. 4 Stop Push-On Pull (Red Light on Stop)
Drawing Commercial Part

O Failure Mode Effect of Failure ExiOutput specification Possible causes Symptoms- comp-
fu ctional description SN Description detectability Local Effect End Effect pro-

40.3.2 "Stop 40.3.2.1 Burned contacts -Overheating Conveyor will Same as end Conveyor N
Push/On Pull" Worn contacts -Faulty not run when effect inoperative
(Red 'Aglht on material up or down (all
Stop) -Overage switch are stations

material activated must be
In the "Pull- set to on
Oil" Position ''on'')
this switch
activates the 40.3.2.2 Contacts welded -Overheating Conveyor Same as end Conveyor
conveyor together -Faulty always on In effect operation
circuit and material subject cannot be
allows up or -Overage station (No stopped
down motion, material red light in at subject
In the "Push- stop position) station
Stop" position
this switch
deactivates

the' circuit
"ind stops

te conveyor.



FALLIE MQPAND Ef EELANAL..S
B RE _ I. T Contract No. N0002472C-5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Symptoms- Effect of Failure Existing Level Failure
Stoms- compensating of prob- Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

Conveyor will Same as end Conveyor None 4 1 Verify switch condition.
not run when effect inoperative Replace "Stop Push-On Pull"
up or down (all button in faulty statioii.
switch are stations

activated must be
set to on
"on")

Conveyor Same as end Conveyor None 4 1 Replace "Stop Push-On Pull"
always on in effect operation button in faulty station.
subject cannot be
station (No stopped

red light in at subject
stop position) station

Page - 87 -
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. -. r ei . . ... r"'-..,

ti ldeiiture Level No. 1 VERTICAL CONVEYOR SYSTEM REB
Inhdenture Level No. 2 Coto Ss ~

Indenture Level No. 3 Intermediate Station

, Indenture Level No.4 Up/Down Push Buttons
Drawing Con erciaL Part (s)

Failure Made Effect of Failure EAL
Output specification Possible causes Symptoms-Possibl causes compsi

functional description SN Description detectability Local Effect End Effect pro

40.3.3 40.3.3.1 Burned or worn -Faulty Conveyor will Same as end Conveyor No
40.3.4 40.3.4.1 contacts material not operate in effect operates ii
"Up" Push -Overheating one direction one
Button -Overage direction
"Down" Push materi al only

But ton

This conveyor 40.3.3.2 Contacts welded -Overheating Conveyer locke( Same as Conveyor No

motion up or 40.3.4.2 together -Faulty in to one run end eifect operates

down push material direction in one
button is dir,.-.tion
provided for as sooa as

selecting " H: '-ll"
the direction switch is
ot travel activated



EFE d PE.AN DI E ETANALYS LS
REPQRT Contract No. N00024-72-C-5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:,

Symptoms. Effect of Failure Existing Level Failuredettii compensating of prob. Remarks and Recommendations
Local Effect End Effect provision Severity ability

Conveyor will Same as end Conveyor None 3 1 Replace faulty "Up" or "IDown"
not operate in effect operates it push button
one direction one

direction

only

Conveyor locke Same as Conveyor None 3 1 Replace faulty "Up" or "IDown"
in to one run end effect operates push button
direction in one

direction

as soon as
"On Pull"
switch is

activated

lIage'- 88

Form N,. 2166
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EA LUA)EM E-AND-E EEE.IANAL,_YS
Indenture Level No. 1 VERTICAL CONVEYOR SYSTEM REPOB
Indenture Level No. 2 Safet'v Devi ces
Indenture Level No. 3 Ilstau-taneous Overl oad (OL)
Indenture Level No. 4

Drawing Corunerci al Part

Failure Mode Effect of Failure Exifutput specification Possible causes Symptoms- ,, comls,
nctional description SN Description detectability Local Effect End Effect prow

50.1
Imst antaiteous
Overload (IOL)

See Remarks
Co ] unin

-ii

]i

CO 111111I



REPOR Contract No. 100024-72-C-5500
Orgauization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED:, DATE:

Symptoms. Effect of Failure Existing Level Failure
Sympt compensating of prob- Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

--- -- This item is analyzed as part
of the control system as
element number 40.1.3

l'age - 89 -

Forin N, 216 6
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EALLAJJ3JiE AND EELANALYS.I
Indenture Level No. 1 VERjICAL CONVEYO.R SYSTEM HEeDR
Indwiture Level No. 2 Safety Devices
Indenture Level No. 3 Thermal Overload d

Indenture Level No. 4
Drawing Commercial Part

Failure Mode Effect of Failure E
futput sciption Possible causes Symptoms- ,_,__comfunctional descuiption SN Description detectability Local Effect End Effect pr

50.2 Thermal
Overload --

See Remarks
Co I umn

' I



EAL .L F FE iT_ ---

REPQBI Contract No. N00024.72-C-5500
Organization KORNYLAK CORPORATION
By ENGINEERING DEPT.. KORNYLAK CORP.

APPROVEO: DATE:

Symptoms- Effect of Failure Existing Level Failure
.... compensating of prob- Remarks and Recommendationsdetectability Local Effect End Effect provision Severity ability

--- - - This item is analyzed as part

of the conitrol system --

element niumber 40.1.2

Page - -

Form N9. 216 6
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EAHI. E MQDAND_.Ef ECTANALYSIS
Indenture Level No. 1 VERTICAL CONVEYOR SYSTEM BUDBI
Indenture Level No. 2 Safety Devices
Indenture Level No. 3 - Audio Signal
Identure Level No. 4 Commercial Part

specification Failure Mode Effect of Failure Exi

futp t s c i tion Possible causes Symptoms -fec f F r com -
u|ctional description SN Description| detectability Local Effect End Effect provi

50. 1 Audio 50.3.01 Sounding coil -electrical Low volume or Same as end Conveyor Non

Signal shorted out damage no sound effect operative

-high current however it
The audio signal has no
sounds off at start-up

each level to signal
warn personnel

that conveyor 50.3.02 Sounding coil Electrical No sound Same as end Conveyor Non
is about to open damage effect operative

start. This however it
bignal operates has no

two to three start-up

secoids before signal
conveyor motion
starts 50.3.03 Diaphram& -mechanical Distorted or Same as end Conveyor Nu

ruptured damage inaudible effect operative

-faulty or sound but has no

overage clear start

material up signal

(,



I

EAPOR Contract No. N00024-72-C-5500

Organization KORNYLAK CORPORATION
By - ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Effect of Failure Existing Level Failure
compensating of prob- Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

Low volume or Same as end Conveyor None 1 1 Repair or replace horn

no sound effect operative

t however it
has no

start-up

signal

No sound Sav- as end Conveyor None Repair or replace horn

efftct operative

however it

has no

start-up

signal

DiLtorted or Same as end Conveyor None 1 Repair or replace horn

inaudible effect operative

sound but has no

clear start

up signal

Page- QI -
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EAILUBEMQDLAIf HEECLANALMSS.
Indenture Level No. 1 VERTIL LONVEYOi SYSTEM BERT
Indenture Level No. 2 Daiecy 'evices

Indenture Level No. 3 Brake
I,,I.nture Level No. 4

Drawing Coninercial Part

Failure Mode Effect of Failure Ex
Output specification .._Possible causes Symptoms- • com

functional description SN Description detectability Local Effect End Effect pjj

50.4 Brake ........

See Remarks
Co I umun

Ii

It
-Ii

K.

(1



EALLUJE MQO.AD E EELANALYS.
J _ aT Contract No. N00024-72-C-508

Orgnization KORNYLAK CORPORATION
By ENGINEERING DEPT.. KORNYLAK CORP.

APPROVED: DATE:

Symptoms. Effect n Failure Existk41 Level Failure
deetblt compensating of piab. Remarks and Recommrendations
detectability Locei Effect End Effect provision Severity ability

...... This item is analyzed as Part
of the drive system --
element number 10.5

uap.-Y - -

Fu,,, N- / 6



EAILUBE MODE ANQEEEC L A LY SI
Indenture Level No. 1 VERTICL CONVEYOR SYSTEM REP08
Indenture Level No. 2 Safety Devices
Iodentre~eve~o. 3 Bottom Oivertravel Limit SwitchIndenture Level No. 3

Drawing Commercial Part

Failure Mode Effect of Failure Exi
Output specification ,,Possible causes Symptoms. co'".A

functional descriptin SN Description detectability Local Effect End Effect prq

50.5 Bottom Ovet- Bottom over- -bottom limit Conveyor Same as N
Travel Limit 50.5.01 travel limit switch inoperative symptom

Switch switch locked damaged in down
open -poor contacts travel

This bottom 50.5.02 Bottom limit -bottom limit Bottom limit Package Conveyor Torque
overtravel limit switch locked switch switch is not may jam operative will
switch senses closed damaged capable of without in down if a J'
and prevents -welded detecting and protection travel but creat'
packages from contacts stopping the poten- torque
passing through -locked conveyor in tial to jam of fu
it operates on actuator down travel is increase torqu

strike down -damaged even with a significant y
only contact spring jammed

package

N I



EAILU.JR MODE AND EFFECT ANALYSIS
REPORT Contract No. N00024-72C-5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT, KORNYLAK CORP.

APPROVED: DATE:

Sm tm-Effect of Failure Existing Level Failure
S o...- compensating of prob- Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

it Conveyor Same as None 4 1 Correct cause of problem at

inoperative symptom bottom of conveyor. Replace
in down bottom over-travel limit

cts travel swJtch

it Bottom limit Package Conveyor Torque Limiter 2 1 Remove cause of limit switch

switch is not may jam operative will take over damage. Replace bottom over-

capable of without in down if a jam travel switch.
detecting and protection travel but creates a

stopping the poten- torque of 115%

conveyor in tial to jam of full load
down travel is increase torque
even with a significant y

ing j amnmed
package

Page - 93 -

Form No 276.6



EALiIR E AND-EFE ANALYSIS
Ineuture Level No. 1 VERTICAL COINVEYOR SYSTEM BEPORT
Indenture Level No. 2 Safety Devices

laIdenture Level No. 3 Loader/UInloader Int erL ock
0",entute Level No. 4

Drawing Conmercia] Part

Failure Mode Effect of Failure Ex
Output specification Possible causes Symptoa ds-
functional description SN Description detectability Local Effect End Effect p

50.6 Loader/ 50.6.01 Loader/tInloader -limit switch Conveyor is --- Same as N
Unloader interlock damaged inoperative symptom
Interlock switch is -poor contacts in down

locked open travel

The Loader/
Unloader inter- 50.6.02 Loader/Unloader -limit switch Loader/Unloadec Package Conveyor Torque
lock prevents interlock damaged switch is not may jam operative will t
strike down switch is -welded capable of without however the if jam
operation shoul locked in contacts detecting that protection possibility a torqu
the Loader/ closed -locked Loader/ of a jam 115% o(
Unloader be in position actuator Unloader is in in down load to
horizontal -damaged horizontal travel is
position instead contact spring position and significan-
of the tilted cannot prevent tly incre-
unload position- down travel. ased.
operates during
strike down.

(i



FAILURE MMEAN PEE E E-CLA LY.SLaEM Contract No. N0002472C5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT., KGRNYLAK CORP.

APPROVED: DATE:

Symptoms- Effect of Failure Existing Level Failure
compensating of prob- Remarks and Recommendationsdetectabilityd c iiLocal Effect End Effect provision Severity ability

ch Conveyor is --- Same as None 4 1 Correct cause of problem at
inoperative symptom Loader/Unloader interlock.

cts in down Replace Loader/Unloader
travel interlock switch.

ch Loader/Unloader Package Conveyor Torque Limiter 2 1 Remove cause of limit switch
switch is not may jaa operative will take over damage. Replace Loader/
capable of without however the if jam creates Unloader interlock switch
detecting that protection possibility a torque of
Loader/ of a jam 1157. of full
Unloader is in in down load torque.
horizontal travel is

ing position and significan-
cannot prevent tly incre-
down travel. ased.

Page - 94 -

Form No. 276.6



EAH REMORLAMD EE[ECIAN LYSlS
hidettute Level No. I VERTI L CONVEYO!i SYSTEMIndeture Level No. 2 Safety Devi ces

Indenture Level No. 3 I.nadi rIllnlnadgIr Jain Sensiug, Switch
Indenture Level No. 4Dr.-Ang Commercial Part

Failure Mode Effect of Failure Exi
Output specification F Possible cau~cs Symptoms- Eeo.irE

Passile cuscscamp"functional descuiption SN Description detectability Local Effect End Effect prow

50.7 Loader/ 50.7.01 Loader/Unloader -limit switch Conveyor is Same as Nod
Unloader Jam Jam Sensing damaged inoperative in symptom
Senlsing Switch switch is -bad contacts down travel

locked open
This Loader/
Unloader Jam

Sensing Switch
stops the 50.7.02 Loader/Unloader -limit switch Loader/ Package Conveyor Torque
conveyor should Jam Sensing damaged Unloader jam may Jam operative will tj
a down-coming Switch is -welded contac sensing without but the if jam
tray strike a locked closed -locked switch is not protection propensity a torqu1
package not actuator capable of to Jam is 115% of.
completely -damaged detecting a increased load to1
ejected after contact spring package not significan-
the package has completely tly
depressed the ejected from
Loader/Unloader Loader/

a pre-set Unloader
distance J

j4

~cna a - ~ -



A

EAILUREM -AND EFFECT ANALYSIS
REPQB Contract No. N00024-72-C-5500

Organization RNYLAK CORPORATION..
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Effect oi Failure Existiog Level Failure
Symptoms- comperiting of prob- Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

ch Conveyor is Same as None 4 1 Correct cause of problem at

inoperative in symptom LoaJer/Unloader jam sensir,

ts down travel switch. Replace Loader/
Unloader jam sensing switch

ch Loader/ Package Conveyor Torque Limiter 2 1 Remove cause of Loader/

UnLoader jam may jam operative will take over Unloader Jari Sensing Switch

tac sensing without but the if jam creates damage. Replace Loader/

switch is not protection propensity a torque of Unloader Jam 3ensing Switch.

capable of to jam is 115% of full

detecting a increased load torque

ing package not significan-

completely tly
ejected from
Loader/
Unloader

,

Page -95-
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EAILURE MODE AND E.EI&.LWAI, VIS
hlidentuie Level No. 1 VERTICAL CONVEYOR SY;TEd.l . REPORT
hudenture Level No. 2 Safety IDevices
lidenture Level No. 3 Top Overtraye1hAtLw.iij,1Jh

l',denture I evel No. 4

Output specification Failure Mode Possible causes Symptom$ Effect of Failure .40

functional descriplion SN Description detectability Local Effect End Effect

50.8 Top Over- 0.8.01 Top Overtravel -top limit Conveyor inop- Same as ---- N
travel Linit Limit Switch switch erative in symptom
Switch lockCL open damaged "up" travel

-.poor contacts

This top over- 50.8.02 Top Ovcrtravel -top limit Top overtravel Package may Conveyor Torque
Lravc linit ,imit Switch switch limit switch jam without operative will t
switch prevents locked closed damaged is not protection but the if jam
packages from -welded capable of propensity a tor
passiig through contacts detecting and to jam is 115% o
and jantning at -locked stopping increased load t
the top of the actuator conveyor in significan-
conveyor. -damaged "up" travel tly
Operates on contact spring even with a
strike up only. package in the

jant position

ri

'I.



EALUBE MODE AND EFFECT IANALYSa
REPORT Contract No. N00024.72.C.5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT.,, KORNYLAK CORP.

APPROVED: DATE:

Symnptonis. Effect of Failure Existing Level FailureReakad eomeitis
... etabli- coempensating of prob. Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

Conveyor mnop- Same as ---- None 4 1 Correct cauise of problem at
erative in symptom top of conveyc.r. Replace top

"up" travel overtravel limit switch.

cts

Top ovcrtravel Package may Conveyor Torque Limiter 2 1 Correct ca:se of problem.
linit switch jam without operative will take over Replace top overtravel limit
is not protection but the if jam creates s, itch.
capable of propensity a torque of
detecting and to jam is 115% of full
stopping increased load torque
conveyor in significan-
"up" travel tly

-ing even with a
package in the

jam position

Page- 96-
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EAILY EM DA_.ffEEQAN LYSIi
Ind,.mrte Level No. VERTCAL CONVEYOR SYSTEMEO
Indenture Level No. 2 Safety Devices- 
Indenture Level No. 3 Over-the-door Jam Se5i, nt Switch
Indenture Level No. 4 ,,

awin Conmercial Part

Failure Mode Effect of Failure E
Ouptspe::ification ____________c ~Possible causes Symptom$- ,,cn _

functional description SN Oescription detectability Local Effect End Effect

50.9 Over-the- 50.9.01 Over-the-door -door Jam Conveyor ---- Same as N
door Jain jam sensing switch inoperative in symptom
S Iensing Switch switch locked damaged both directios

open -poor cantacts

This over-the-
door jam sensint
switch stops 50.9.02 Over-the-door -door Jan. Switch is not Package may Conveyor Torque
the conveyor if jam sensing switch davaged capable of jam without operative will t
activated by switch locked -welded contac: detecting protection but the if a J
a mislocated closed -locked and stopping propensity a torqu
package -- actuator conveyor in to jam is 115. of
prevents a jam -damaged up or down increased load to
between the contact spring travel with significan-
tray and the a jammed tly
upper door package
CoalMi ng.



----- -,
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EE_ MODE-AND EFFECT ANALYS
REPORT Contract No. N00024-72-C-5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED-- DATE:

Symptoms. Effect of Failure Existing Level Failure
Symptoab s. ... compensating of prob- Remarks and Recommendations

detectability Local Effect End Effect puovision Severity ability

Conveyor Same as None 4 1 Correct cause of problem.
inoperative in symptom Replace over-the-door jam
both directios sensing switch.

cts

Switch is not Package may Conveyor Torque Limiter 2 1 Remove cause of limit switch
ed capable of jam without operative will take over damage. Replace over-the-
tac detecting protection but the if a jam creates door Jam sensing limit switch.

and stopping propensity a torque of
conveyor in to jam is 115% of full
up or down increased load torque.

Ing travel with significan-
a tanmed tly
package

Page -97-

, "/.- Form N o. 276.6



EAI LUREMQMANDLfEEUMMAALYSIS
SIndenture Level No. 1 VERTICPOL CONVEYOR SYSTEM HUMOB

Indenture Level No. 2 Sa U t.ty Devi ces
indenture Level No. 3 Torque ~iiiter-
lninture Level No. 4 ___________________

Draing Coumercial Part

Output specification Failure ModePosbeaueSypm-EfctfFilr A
functibla descrptio Sytoms.iit Effctof aiu

fauctualdscitin SN Description dtcaiiy Local Effect End Effect Provo

I50.10) Torque --- --- ---

1,im i L er

See Remarks
Colm



iR.f 013 Coatract N. N100242C-SS0
Orgiatioe . YW AK COMnP OFAY

ENGINEERING DEPT., KORMYLAK CORP.

APPROVED: ._. DATE:

Effect of Failure Existiq Level Failvre
Symptoms- compensating of preb. Remarks sd Recemmndatiew
detectability Loca Effect Elid Effect provisio Severity ability

---- This item analyzed as part of
the drive system as element

number 10.3

Page - 'I -
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FAILUBE MODE AND EFFECT ANALYSIIndenture Level No. 1 VERTICAL COA'VEXYO SYSTEM REPORT
Indenture Level No. 2 joad/lVnload DevIces
Indenture Level No. 3 Plat torm
Indenture Level No.4 

Drawing 2-1026-51 F

Output sp iaton Failure Mode Pospibls Effect of Failure ExJOupu secfiatonPossible causes Sm t s-coml -

functional description SN Description detectability Local Effect End Effect pri

60.1 Platform 60.1.01 Platform is Improper Difficult to Difficult Nuisance

not readily clearance move from to put into factor

positioned between stowed positi n use
between brackets to load

The platform brackets position and/
is the device or unload
which is used

to position

the loads for

pick off in the

up mode or

extract loads
in the down
mode

I



FAILUE.MODE AND IEFECT ANALYSIS
BEf OB Contract No. N00024-72-C-5500

Organization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED. DATE:

Effect of Failure Existing Level Failure
Symptoms-cabl compensating of prob. Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

Difficult to Difficult Nuisance None 2 1 Replace shim washer to get

move from to put into factor proper clearance

stowed positicn use

to load
position and/

or unload

Page- 99-
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EAUAI-MI2EA D EFFECT ANLYSIS
Indenture Level No. I VERTICAL CONVEYOR SYSTEM _ EPfO
Indenture Level No. 2 Load/Inl oad Devi ces
Indenture Level No. 3 Mount'ing and Stowing Bracket R.11. and L.Il.

Indenture Level No. 4
Draving 2-1026-52F/2-1026-53F

Output specification Failure Mode Symptoms- Effect of Failure Existi
futpot sci tion Possible causes S toms- compeau

functional descriptiun SN Description detectability Local Effect End Effect proviu

60.2 Mounting 60.2.01 Bent bracket External Impossible or Limited No down Norn
and Stowing 60.3.01 damage difficult to direction travel if
Bracket R.H. position travel not able

60.3 Mounting platform in to place

and Stowing load and/or in unload
Bracket L.11. unload position

posItions

Supports the

platform in Ivarious

positions

I

L - .....



EALU IE.MODE AND EFFECT ANALYSIS

REPQBT Contract No. N00024-72-C5500
Orgdnization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP. ,

APPROVED: DATE:

Effect of Failure Existing Level Failure
Stmcompensating of prob- Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

Impossible or Limited No down None 4 1 Remove pivot studs. Remove
difficult to direction travel if platform straighten brackets.
position travel not able Re-assemble platfoim.
platform in to place
load and/or in unload
unload position

positions

Page F 100 -
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:-7 --
7 -- 7-7 -- 7 7~ - - - --- - 7

Indenture Level No. 1 VERTICAL CONVEYOR SYSTEM REEBI

Indenture Level No. 2 !oa ti oad Dev ces

Indenture Level No. 3 Platform Depress Mechani sin R.1I. and L,|[

Indenture Level No 4Drawing 2- 026-Pl0F _. 
__---

Fail-'-re-Mode Effect of Failure xiiFailure Mode Symptoms- ,.. ... compn

Output specification Possible causes Set mit oprovi

funtn l dsrpion SNDsrto detectability Local Ef ect End Effectprifunctio~nal description SN Description

60.4 Platform 60.4.01 Binding of guide Wear 
Platform Platform wil With down Non

Depress 60.5.01 shaft in guide finger can'o, not depress travel

Deessm be depressed to open circuit

Mechanism Loll. plate slide down travel still
circuit engaged

there is no
jam protec-
tion in
down mode

60.5 Platform 60.4.02 Binding in Wear Platform Platform With down No

Depress 60.5.01 guide plate finger cannot will not travel

Mechanism R.H. slide be depressed depress to circuit
open down 

still

With platfon 
travel engaged

tilted about 
circuit there is no

30fojam 
protect

horizoical the 
io pote

load/unload 
down mode

:hanisim is
Cesigned to 60.4.03 Pins work out o Wear Loss of sprin Cannot No down N!

sense a down- 60.5.03 connecting arms pressure position travel

coming jam. By unloader

depressing the

tip of the 60.4.04 Pivot block Wear Sensing trave Slower Nuisance Ni

platform finger 60.5.04 holes are of platform reaction du shut down

this releases oversize is increased to the for

an over-the- 
increased adjustmeit

center latch 
sensing

de-activating 
movement

the jam required

sensing switch
and stopping
the conveyor



EAILUBEMO AEND EFFECT ANALYSIC

REPOEI Contract No. N00124.72:C-5500
Organization KORN V LAK CORPORATION
By .ENGINEERING .DEPTr., KORNYLAK CORP._

APPROVED: .. .DATE:

S t Effect of Failure Existing Level Failure
S.m.t.m...compensating of prob. Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

Platform Platform will With down None 4 1 Dis-assemble guides. Replace
finger cannot not depress travel worn guid, shaft.
be depressed to open circuit

down travel still

circuit engaged

there is no
jar-. protec-
tion in

down mode

Platform Platform With down None 4 1 Remove guides - replace worn
fipger cannot will not travel '.e guides
be depressed depress to circuit

open down still

travel engaged
circuit there is no

jam protect
ion in
down mode

Loss of sprin Cannot No down None 4 1 Replace pins in connecting
pressure position travel arm - replace connecting arm

unloader

Sensing trave]Slower Nuisance None 1 1 Adjust bolt on shifter arm
of platform reaction due shut down

is increased to the for

increased adjustment
sensing

movement

requtred

Page- 101 -
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FAILURE MODE AND EFFECT ANALYSIS
Indenture Level No. VERTICAL COVfEYOR SYSTEMI
Indenture Level No. 2 1,oadjUnloal Devi ces i page -2-) EO

indenture Level No. 3 -Pattorm Depress Mechanism R.H. and L.11. (cont'd)

Indenture Level No. 4
Drawing 2-1026-PlOF

Failure Mode Effect of Failure Exh

Output specificationcauses Symptoms- com.-
functional descri ,tion SN Description detectability Local Effect End Effect pr.,

- con inued -

60.4.05 Worn pivot arm Wear Slght loss olIncreased NuisanceM

60.5.05 bushing sprng sensitivity shut down

pri:ssure to smaller for

loads adjustment

60.4.06 Broken spring -fatigue Unable to If platform No down
60.5.06 -faulty raise plat- is not in travel

material form from unload

load to position

unload there can

position be no down

travel

A

6 F



[ EEAContract No. N00024-72-C.5500
: Organization KORNyLAK CORPORATION

11. (cont'd) By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: DATE:

Effect of Failure Existing I Level Failure
compensating of prob. Remarks and Recommendations

detectability Local Effect End Effect provision Severity ability

- con inued -

Slight loss o Increased Nuisance None 1 1 Adjust spring pressure
spring sensitivity shut down
prtussure to smaller for

loads adjustment

Unable to If platform No down t;one 4 1 Replace broken spring.

raise plat- is not in travel Adjust linkage and spiing

form from unload pressure to suit
load to position
unLoad there can
position be no down

travel

Page - 102 -
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EAILURE MODE AND EFFECT ANALYSIS
Indenture Level No. I ERTIjCAL CONVEYOR SYSTEM- REPOR
Indenture Level No. 2 [,oad/lnIl oad Dlevi ces
Indenture Level No. 3 Cross Shaft
Indenture Level No. 4

Drawing 2-1026-54F

OunuIe Mode Effect of Failure E4Output specification Possible causes Symptoms- coram
functional de,ription SN Oesc:iption detectability Local Effect End Effect p4

60.6 Cross 60.6.01 Loose coupling Vibration -coupling Guides will -platform
Shaft visably loose not lock would cock

-looseness of into or jam
stub shaft unload -would not

Links Lwo sides -loss of position reach
together to spring unload
maintain pressure position
parallelism. -no down
Gives platform mode
support on operation
both sides

I

S~- - ---- ~-..---~---- ~ - .-~-- ~ -~--=----



FAILUREMODE AND F..FECT ANALYSIS
Contrct No. N00024-72-C.5500organization K6)'6NyI1K ,CORPORATION

By ENGINEERING DEPT. , KORNYLAK CORP.

APPROVED: ,,DATE:

Effect of Failure Existing Level Failure

Symptoms- compensating of prob- Remarks and Recommendations
detectability Local Effect End Effect provision Severity ability

-coupling Guides will -platform None 4 1 Place platform in load

visably loose not lock would cock position. Re-position stub

-looseness of into or jam shaft and levels. Tighten

stub shaft unload -would not coupling.

-loss of position reach
spring unload

pressure position
-no down
mode
operation

Page- , ,  |

* Form No. 276.6



EAILU.E MODE AND EFFECT ANALYSIS

Indenture Level No I VERTICAL CONVEYOR SYSTEM REPORThudenture Level No. 2 ioadt/thload D~evices

Indenture Level No. 3 Interlock Micro-Swi tch

Indenture Level No. 4Dan Co,,ene rci aI[ Part

Output specification Failure Made Symptoms- Effect of Failure ExiOut utspciicaio ... Passible causes Sy po s ,compa._-I

fuctioal description SN Description detectability Local Effect End Effect proV4

60.7 Interlock --- --- ---

icro-Switch

See Remarks

Go I u1n

,. \



FAtLU[ E MODE AND EFFECT ANALYSIS.
REPOB Contract No. N00024-72-C-5500

organization KORNYLAK CORPORATION
By ENGINEERING DEPT., KORNYLAK CORP.

APPROVED: ..... DATE:

Symptoms. Effect of Failure Existing Level Failure
compensating of prob- Remarks and Recommendationsdetectability Local Effect End Effect provision Severity ability

--- -- -- This item analyzed as part
of the safety devices as
Element Number 50.6

I

Page- 104-

Forin No. 276 6
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FAILURE MDE AND EFFECT ANALYSIS
Indenture Level No. 1 VERTICAL CONVEYOR SYSTEM REPOR
Indenture Level No. 2 I,oad/Un oad Devi ces
Indenture Level No. 3 Jam Sensing Micro-Switch
Indenture Level Nu. 4 .... . ..DrLe g N Conanercial Part

uutFailure ModeEfetfFile

Output specification Possible causes Symptoms- Effect of Failureo
functional description SN Description detectability Local Effect End Effect

_______________ ,, _____..___ _..____,._____,__ __,_____,_____,_

60.8 Jam --- ---

Sensing Micro-
Switch

See Remarks

Column

_________ ________________________ __________________
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EAILUBE M FAND FECT ANALYSISl
B MEPi Contract i 110_24"72CS_5 0

Orgauuatmn IORNYLAIK CORPORATION
*By ENGINEERING DEPT.. KORNYLAK CORP.

APROVED: DATE:

symptoms- Eflect of Failure Existing Level Failure
Syeteoms-if E , . compensatiag of Piok, Remaks anda Recesmenationsdetectability Local Effect End Effect provision Severity aility

....... This item aualyzed as part of
the s. fety devices as
Element Number 50.7

Page - 105 -
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11. Conclusions and Reconmmendations

11.1 Figure 14 provides an overview of the number of potential

failures in each probability and severity block and the

A
percentage of such failures compared to the total number of

potential failures. There are no failures with a probability

greater than two -- all failures with a severity of three

or four were covered individually in the analysis section

of this report (See Section 9).

11.2 Any loss of conveyor operation was assigned a severity factor

of three or four. As a result, potential failure of ancillary

equipment such as micro-switr.:ies, push buttons and ,lements of

the Controller and Drive System were included and contributed

significantly to the numbers shown in the three or above

severity level blocks. Such equipment is not related to the

conveyor structure or the conveyor's operating componentry.

If potential failure of ancillary equipment is eliminated

from considerationp the total number of potential failures

from structural and operating system components only

reduces the number of potential failures in the three or

above catagories from an overall total of 67 to a total

of 30.

11.3 During the analysis it was determined that the "Emergency

Run" by-pass circuitry did not enable the conveyor to be

run so as to clear a jam sensed and stopped by the "over-

the-door" jam sensing safety device. The other safety devices

are, in a sense, self-clearing. For instance: should a

package jam during strike-down on the load/unload device,

the platform will collapse and stop the conveyor. However,
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the conveyor can be operated in the up direction and the

Jan cleared. The same is true for the bottom and top jam

safety devices. By making a simple change in the wiring

location of the over-the-door jam sensing relay, relative

to the wiring of the Emergency Run by-pass circuit, the

Emergency Run circuit could be used to by-pass the over-

the-door cut-out circuit and enable a jam at a top-of-the-

door coaming to be cleared. This change will be incorporated

by the Contractor unless otherwise instructed by Naval Ships

Command.

11.4 During the calculations which preceeded the analysis of

the Operating System, it was determined that the "narrow

track section" represented the weakest member of the

Operating System componentry. The Contractor will revise

the design of the track to strengthen this section.

11.5 In concert with Paragraph 3.4.(e) of Specification

Ships-C-5552 reading, in part, "...in the event of januming,

easily replaceable components shall yield or be damaged.",

the Contractor is considering a series of shear bolts,

sized to the anticipated load carrying capability of the

family of various lengths of conveyors, be incorporated to

fasten the carrier tray to the carrier arm and chain link.

The Contractor forsees a potential problem should a jam occur

which would shear such bolts and allow the tray to pass

through the jamt if, the instantaneous overload does not trip

and stop the conveyor. Not stopping the conveyor with a

tray out of position could create serious damage when the

tray transitions through the head and tail cam plates. The
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problem is one of sensitivity of the IOL sensing coil and

is particularly acute with smaller length conveyors.

Should shear bolts be adopted, the Contractor feels a re-set

device must be added to the IOL circuitry to prevent re-

starting the conveyor without first determining and correcting

the cause of the IOL cut-out. The Contractor recommends a study

of the sizes of shear bolts needed and the relative

sensitivity of the IOL sensing coils be made prior to

incorporation of the shear bolt design, although adaptation

of this concept presents an ideal solution to the requirements

of Paragraph 3.4(e) of Ships-C-5552.

11.6 The Contractor recommends that the mounting and stowage

brackets of the Loader/Unloader be bolted to the conveyor

rather than welded as presently shown. Bolt-on brackets

will enable easier removal and maintenance of the rather

complex load/unload device.
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POE HP' OE

10 4

POWER4 SHI'SWOWE

DRIV 11COTRO 60 HERTZ

SSTM CUR SYSTEM

LOAD N OPEATISASAFTY

UNLOAD LOADS SYSTEM 30SIGNAL
DEVICES 3

FIGURE NO. 1 Second indenture level functional
block diagram.
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I
440 V- i PHASE

S--60 HERTZ

BRAKE

10.3JACK SHAFT 0. JACK SHAFT10.7 10.i 7 I
BEARING COUPLINGCOUPLING ARING

10. 10.6 10.4 10.6 10.8 -

TORQUE

CHAIN LIMITER CHAIN

C10.
CH*Ni 2 T3EU
101 TOKR-UE 10.11

-E_Z'3MOTOR >
E- w

- 10.2

BASE PLATE

10.1-

440 V- 3 PHASE
60 HERTZ

NOTE: All components are sized and
rated as a function of
conveyor loading.

FIGURE NO. 2 Third indentured level functional
block diagram for drive system
(Number 10)
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Head shaft bearings
30.3

Head shaft sprocket 30.4 Head bearing housing

30.5 Head shaft
30.2 30.1 Head cam plate

30.21 Head driven sprocket

Carrier Carrie Carrier Shf

Chain Section
30.6

000" 0% Chain pin.Carrier Carrier Carrier Shaft Rear track
30.14 link V /30.9 Guide 30.16

30.11 arm cap

I follower Front track

30.15

Chain pin 3
3 0 . 6 

,
Carrier chain section

Tail carrier sprocket
30.18
Tail Tail cam plate

sprocket brgs. 
30.17

30.19

30.20 Chain take-up

FIGURE NO. 3 Third indentured level functional
block diagram for operating system
(Number 30)

A 
1 

,



SAFETY SHIP'S POWER
DEVICESS 50 440V; 3-PHASE; 60 HERTZ

CONTROLLER 110V; 1-PHASE j
60 ~ HET Cont. Station 40.260 HERTZ Power On-Off 40.2.1

__ oSpeed Sel. 40.2.2
110V; 1-PHASE Power On Lt. 40.2.3

40.160 H~tZ Emer. Run 40.2.4

0g 0>

4 0. 60 HE0T

INTERMEDIATI
MOTOR CONTROL

STATIONS

10.2 (AS REQ'D.)

= TORQUE LIMITER 40.3
10.3

>~

REDUCER .

10.4

INTERM!DIATE
CONTROL
STATIONS

(AS REQ'D)

40.3

FIGURE NO. 4 Third indentured level functional
block diagram for the control
system (Number 40).
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440V; 3-PHASE SHIPS
.

6 0 1 
H 

E R T
Z wm Il

ONLY ONLY DOWN

IO

I= ' i . ...OLD. 50.2

COOERLOCK 50.4 >r
SU PDOOR JAM

IAM SENSING50.91 SENSING50.9

i ~TOP _
BOTTOM OVERTRAVEL AUDIO

.50.8
MSIGNAL

50.5

440V; 3- PHASE

-=d

IEROK5O60 HERTZ

TTORQUE

LIMITER VTA50.5u

6TORQUE LIMITER

FIGURE NO. 6 - Third indentured level functional block
diagram for safety devices (Number 50).
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j LOAD PLATFORM
60.1

. .. MT'G, AND STOWING BRACKET

fTfrG, AND 
R.H. 60.2

STOWING IN RLOCK
BRACKET L.H. MICROSWITCH 60o.7
60.3 b/

i~~~ lI II__JAM SE-NSING

L~/ MICROSWITCH 60.8-

PLATFORM DEPRESS
MECHXAISM L.H. 60.4 PLATFORM DEPRESS

MECHANISM R.H. 60.5

CROSS SHAFT_/
60.6

FIGURE NO* 7- Third level indentured functional
block diagram for the load/unload
device (Number 60).
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14

3\

_ _ °

10.3.01
o 10.3.02 I

2

10.2.02 ' 10.2.03 10.2.04 10.2.01

10.3.04 10.3.03 10.2.05 10.4.01
10.5*.02 10.3.05 10.4.02 10.4.04
10.5.03 10.5.01 10.4.03 10.6.02
10.5.04 10.8.02 10.6.01 10.6.03

1 10.5.05 10.11.01 10.7.01 10.7.02
10.5.06 10.9.01 10.7.03
10.11.02 10.8.01
10.11.03 10.9.02

10.10.01

12 3 4

SEVERITY

Figure No. 8

CRITICALITY MATRIX - DRIVE SYSTEM (No. 10)
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Matrix Tabulation - Drive System

Level 3 Level 4

10.2 Motor 2 1

10.3 Torque Limiter 0 0

10.4 Reducer 2 2

10.5 Brake 0 0

10.6 Coupling 1 2

10.7 Jack Shaft 1 2

10.8 Bearing 0 1

10.9 Drive Sprocket 1 1

10.10 Drive Chain 0 1

10.11 Chain Take-up 0 0

Figure No. 8 (a)

Tabulation for Drive System (No. 10)
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4

I3

)1-4

Fu N.

11I

0\,

0.

2%

I%
20..0220..0

1

SEVERITY

Figure No. 9

CRITICALITY MATRIX - CONVEYOR STRUCTURE (20)
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Matrix Tabulation - Conveyor Structure

Level 3 Level 4

20.1 Trunk

Figure No. 9 (a)

Tabulatlm for Conveyor Structure (No. 20)
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\I

4

3

I \

I 30.1.01 30.9.01 30o1o02
o I 30.1..01 30.15.02

30.l5.0l 30.16.02
30.16.01 30.17.02

2

30.2.04 30.2.01 30.2.02
30.3.02 30.7.01 30.2.03
30.5.01 30.21.01 30.3.01
30.7.02 30.4.01'
30.18.01 30.5.02
30.19.02 30.6.0
30.20.01 30.8.0

30,50 _ 30.21.01_ 30.21.02

112 3 4

SEVERITY

Figure No. 10

CRITICALITY MATRIX - OPERATING SYSTEM (No. 30)
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Matrix Tabulation - Operating System

Level 3 Level 4

30.1 Head Cam Plate 0 1

30.2 Head Shaft 1 2

30.3 Head Shaft Bearing 0 1

30.4 Head Bearing Housing 0 1

30.5 Head Shaft Sprocket 0 1

30.6 Carrier Chain 0 1

30.7 Carrier Link 1 0

30.8 Chain Pin 0 1

30.9 Carrier Shaft 1 0

30.10 Guide Arm 0 1

30.11 Guide Arm Cap 0 1

30.12 Cam Follower Flanged 0 0

30.13 Cam Follower 0 0

30.14 Carrier 0 0

30.15 Front Track 0 1

30.16 Rear Track 0 1

30.17 Tail Cam Track 0 1

30.18 Tail Carrier Sprocket 0 0

30.19 Tail Sprocket Bearings 0 1

30.20 Chain Take-up 0 0

30.21 Head Driven Sprocket 1 1

Figure No. 10 (a)

Tabulation for Operating System (No. 30)
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4

V3

N "

o, I

2

40.1.1.1 40.1.2.2 40.1.3.1 40.1.2.1
40.1.1.2 40.1.5.1 40.1.4.1 40-2.2.3
40.1.1.3 40.1.9.2 40.1.4.2 40.3.2.1
40.1.6.1 40.1,10.2 40.1.4.3 40.3.2.2
40.1.6.2 40.1.11.1 40.1.9.1
40.1.7.1 40.2.4.1 40.1.10.1
40.1.7.2 40.2.2.1 40.2.1.1
40.1.8.1 40.2.2.2 40.3.3.1
40.1.8.2 40.3.3.2
40.2.3.1 40.3.4.1
40.2.4.2 40.3.4.2
40.3.1.1

1 2 3 4

SEVERITY

Figure No. 11

CRITICALITY HATRIX - CONTROL SYSTEM (No. 40)
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Matrix Tabulation -Control System

Level 3 Level 4

40.1.1 Reversing Starter 0 0

40.1.2 Thermal Overload 0 1

40.1.3 Instantaneous Overload

Relay 1 0

40.1.4 IOL By-pass Timer 3 0

40.1.5 11OV. Transformer 0 0

40.1.6 First Speed Relay 0 0

40.1.7 Second Speed Relay 0 0

40.1.8 Third Speed Relay 0 0

40.1.9 Overdoor Jam Relay 1 0

40.1.10 Load/Unload Relay 1 0

40.1.11 Signal Timer 0 0

40.2.1 Power On/Off Switch 1 0

40.2.2 Three-position Speed
Switch 0 1

40.2.3 Power "On" Light (Red) 0 0

40.2.4 Emergency Run Switch 0 0

40.3.1 Power "On" Light (Green) 0 0

40.3.2 Stop Push-On Pull Switch 0 2

40.3.3 "Up" Push Button 2 0

40.3.4 "Down" Push Button 2 0

Figure No. 11 (a)

Tabulation for Control System (No. 40)
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!7\

r4

3

\ 5

I S

21

50.3.01 50.5.02 50.5.01
50.3.02 50.6.02 50.6.01
50.3.03 50.7.02 50.7.01

50.8.02 50.8.01
50.9.02 50.9.01

1 23 4

SEVERITY

Figure No. 12

CRITICALITY MATRIX - SAFETY DEVICES (50)
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Matrix Tabulation - Safety Devices

Level 3 Level 4

A 50.1 Instantaneous Overload (see 40.1.3)

50.2 Thermal Overload (see 40.1.2)

50.3 Audio Signal 0 0

50.4 Brake (see 10.5)

50.5 Bottom O'Travel Limit 0 1

50.6 Load/Unload Interlock
Switch 0 1

50.7 Load/Unload Jam Switch 0 1

50.8 Top O'Travel Limit 0 1

50.9 Over Door Jam Switch 2 1

50.10 Torque Limiter (see 10.3)

Figure "'o. 12 (a)

Tabulation for Safety Devices
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i '4I

-3

2I

I ',
.

"'°

3(

60.4.04 60.1.01 60.2.01
* 60.4.05 '60.3.01

60.5.04 60.4.01
60.5.05 60.4.02

60. 4.03
1 60.4.06

60.5.01
60.5.02
60.5.03
60.5. 06
60.6.01

12 3 4

SEVERITY

Figure lo. 13

CRITICALITY MATRIX - WOAD/NLOAD DEVICE

-126-



Matrix Tabulation - Load/Unload Device

Level 3 Level 4

60.1 Platforms 0 0

60.2 Mounting and Stowing
Bracket R. H. 0 1

60.3 Mounting and Stowing
Bracket L. H. 0 1

60.4 Platform Depress
Mechanism L. H. 0 4

60.5 Platform Depress

Mechanism R. H. 0 4

60.6 Cross Shaft 0 1

60.7 Interlock Micro-switch (see 50.6)

60.8 Jam Sensing Micro-switch (see 50.7)

Figure No. 13 (a)

Tabulation for Load/Unload Device
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Figure No. 14

CRITICALITY MATRIX - OVERVIEW OF ALL SECTIONS
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Section VI

Calculations

The following pages contain detailed revised stress calculations

for the de-rated jam conditon. A supplement to these calculations is

also provided. Prior to submitting the revised calcu.ations to Naval

Ship Engineering Center on November 10, 1976 and the supplement on

April 5, 1977, the Contractor provided a complete set of calculations

for Phase I which were subsequentally revised and re-submitted as

part of Phase 11 on November 18, 1975. The earlier, November 18, 1975,

Calculation submittal is not being included in thia final report in

order to conserve space and minimize reproduction cost.



SUPPLEMENT

DE-RATED JAM CONDITION

PER S. 'TTO'S TELEPHONE CONVLP.SATbON OF 3-29-77

CDRL ITEM B001AL

USN CONTRACT N00024-72-C-5500

OF NOVEMBER 3, 1976

Submitted: 13 April 1977

By: Kornylak Corporation

Hamilton, Ohio



Summary of telephone conversation of 3-29-77 between S. Otto and R.

arson - with replies.

Attn: V. Doty
R. Martin

1. Liked R. Martin's stress calculation work!

- Thanks, Bob Martin

2. Questions size of finger-to-backbone welds on load trays. Where stated?

- Will appear on fabrication drawings as h" fillet welds - as noted

on page (8) of report.

3. Suggested Bob check stress concentrations at keyway of carrier shaft.

- See page B and C attached.

4. Requested Bob re-do stress calculations of carrier shaft where it ties

to guide arm and add approximately 1300# shear load to torsion load

(referring to Fig. 11-A).

- See page C attached.

5. Requested that Kornylak send letter to delete 150# - four foot drop

spec. requirement since this load impossible for design to survive.

- See page D attached.



Item 3 of 3-29-77 telephone conversation ....... stress concentrations
at keyway of carrier shaft:

Reference: Report page 13; Roark's "Formulas for Stress & Strain"
4th edition, page 334

Assuming that the key takes the entire load (no cap) and that the
torsional moment produces a true horizontal force that tries to compress
and shear through the shaft:
Torsional Moment Mt: 3069 in. lbs. I.50

Shaft Radius: .75 inches
Key: 3/8 sq. x 1 " 1g.
Force = Mt 3069

shaft rad. -

=4092 lbs.

Compressive Stress = F
Comp. Area

= 4092
1.25 x .1875

=37,248 psi 9

Shear Stress * F
Shear Area_ I

=fi 4092 . j1.25 x .30f

22,601 psi Supplement to Fig. 11C

While the compressive stress of 37,248 psi is less than the allowable
48,000 psi for stainless 3teel, the shear stress of 22,601 psi will exceed
the allowable 18,000 psi.

However, since according to Roark, "Photoelastic Analysis of the stress
in square keys shows that the shear stress is not uniform across the
breath" ...... but is greater in the corners tending to rock the key,
especially since the carrier shaft is subject to pulsations. (Reference
Fig. 11D)

j (4



Therefore, since the key is rocking, direct shearing through the
shaft is not the true case; moreover, the cap would surely limit the
shear stress to less than the allowable 18,000 psi if it were.

Roark concluded the key stress segment: "When conservative working
stresses are used, however, and the proportions of the key are such as
have been found satisfactory in practice, the approximate methods of
stress calculation that have been indicated result in satisfactory
design". Which is the case as used in the report.

Item (4) of 3-29-77 telephone conversation ...... add 1300* shear
load to carrier shaft where it ties to guide arm.

Reference: Drawing 2-!026-SC3

The 1300# shear load (chain pull) was neglected with respect to
Fig. ;1 because where the carrier shaft ties to the guide arm there
is no fixed restraint (direct shear). The guide arm is trying to
pivot about the cam roll which is pure torsional shear.

I can, however, place the neglected 1300# shear load on the opposite
side of the carrier link where the cross section is full.

Area of 1 " 0 shaft - 1.76 sq. inch

Torsional Shear Mt
rad. x area

3069 2325 psi

Direct Shear 1300 739 psi

Total Shear = 2325 + 739 - 3064 psi S0

Since the allowable shear for Type 304 Stainless Steel is 18,000 psi,
the carrier shaft is adequate for the application.

(C)



OPERATING SHOCK LOAD

Reference: (a) Para. 3.5.23.4 of Spec. SHIPS-C-5552

(b) Operating Shock Load Calculations Sht. 1 through 5

(c) Impact test results Sht. 1 through 4

(d) Shock Load Test per Para. 4.3.5 of SHIPS-C-5552

1. The impact loading as specified in reference (a) and (d) is

too excessive and destructive, as pointed out in reference

(b) and (c), and would require an increase in size of

components which would not be practical or in keeping with

the conveyor design.

In view of this, we recommend that para. 3.5.23.4 and 4.3.5

be deleted from the spec. and that the dynamic and static

overload tests per para. 4.3.2 and 4.3.3 are sufficient for

testing the conveyor.

(
(D) ,



REVISED STRESS CALCULATIONS
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DE-RATED JAM CONDITION

CDRL ITEM BOOIAL
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I

The following drawings and reports are referred to in

the text of this report:

2-1026-P20F-Rev. A (Carrier Assembly)

2-1026-P26-Rev. B (Carrier)

2-1026-P27-Rev. A (Guide Arm)

2-1026-P28-Rev. B (Carrier Shaft)

2-1026-47F-Rev. A (Cap)

*2-1026-SCI/J (Shaft & Bearing Calculations - Jam)

*2-I026-SC2 (Carrier Calculations)

*2-1026-SC3 (Carrier Shaft & Guide Arm Calculations)

**2-1026-SC3/J (Carrier Shaft & Guide Arm Calculations - Jam)

Track System calculations for jam condition in letter of transmittal

dated October 14, 1976

*These drawings were superseded, and prints of them are included with

this report.

**This drawing was voided, and prints of it are included with this

report.
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REVISED STRESS CALCULATIONS FOR DE-RATED JAM CONDITION

DE-RATED JAM CONDITION

The jam condition was de-rated from motor stall torque

to 115% live load setting on the torque limiter by N.E.V.E.C.'S

amendment letter of May 20, 1976, modification No. P00014 revising

Par. 3.5.23.1, Line 5, as clarified in Design Review Meeting held

June 21 through June 23, 1976.

Live Load = 20 trays x 100# each

= 2000# x 1.15 = 2300# (torque limiter slip setting)

"The load is to be spread equally over four fingers of the tray".

Case I: One side finger and three intermediate fingers.

Case II: Four intermediate fingers (worst condition)

2300# = 575#

4 fingers

Side View End View
Fig. 1

Case II
Case II-A Carrier Finger (Ref. Dwg. 2-1026-P26-Rev. B)

- Mat'l.: ASTM A513

Jam Stress Calculations (Ref. Dwg. 2-1026-SC2)
Per Fig. 2

Assuming no gusset as shown on drawing WL-

Load WL = 575# uniform cantilever ! 2"XlX#I4 GA Tubing ASTM)
AA513 ,

Effective Length L = 21.125 inches .. 5

21.125
Finger Section Modulus Z = 0.334 Fig. 2

Bending Moment Finger Loading

(without gusset)
Mb = WL x L = 5 75 x 21.125 = 6073 in. lbs

2 2
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Bending 3tress

Sb M 6073 =18,160 psi
Z 0.334

Therefore, since the 18,160 psi is less than 26,600 psi,

or the allowable combined stress per Spec. 3.5.23.1 (0.7 yield

stress), the finger tubing is adequate for bending in this appli-

cation.

Case II-B Finger Welds (neglecting bar gusset)
- (Ref. dwg. 2-1026-P26 Rev. B)

Max. Allowable Shear Stress = 22,800 psi (ASTM A513)

Bending Moment Mb 6073 in. lbs. lOs11/16" welds X

Req'd. Min. Section Modulus Z

Z = Mb = 6073 = 0.266 C=1.294
- 22,800
S- 2.5"

NOTE: Z = I

where I = Moment of Inertia, fig. 3

and C = Distance from neutral axis Finger we14 (To Crossmember)

to outermost fiber (inches) Using throat area

Neglecting bar gusset between finger
and crossmember per Fig. 3

A

Recommended fillet weld thickness .062
for #14 ga. tubing is 1/16" (.0625) .062

From the parallel axis theorem, leg
using throat area of welds (.707 x leg): I

Moment of Inertia I w  0.258
of the welds ,*04k\hroaE (.707 x Leg)

C Welds = 1.294

~Fig. 3BSection Modulus Z = I = 0.258 = 0.IQ9
w -W 1.29- Weld Enlargement

~w

1.294__________(2)_



Bending Shear Stress S = M = 6073 = 30,517 psi

z .199w

Therefore, since the section modulus of the welds,

0.199 (neglecting the bar gusset) is less than the minimum re-

quired section modulus of 0.266, (30,517 psi exceeds the allow-

able shear stress of 22,800 psi) the finger welds are not adeq-

uate for this application.

To reduce the bending shear stress of the finger welds,

add a gusset between the finger and crossmember so as to reduce

the bending moment.---------------------------

Case II B Finger Welds including bar gusset
per Fig. 4 - (Ref. Item 3 on Dwg. 2-1026-P26 Rev. B) Fig 4A

Fin er with Gusset

Gusset: 3/8" x 1" AISI 1020 HRS Bar 
x 5" Lg.

Assuming the gusset is strong enough Maintaining W]=575# As Worst Conditi
to resist bending: ii ii i.i

Revised Effective Length L - 16.625" 

Revised Bending Moment M.0
(using entire uniform load
@ L = 16.625" for worst condition) 

6.625"

Fig. 4B
M= 575 x 16.625 = 4780 in. lbs. Finger Loading With Gusset

2

Revised Req'd Section Modulus Zw
of the welds - w

Zw = Mb =4780 =0.210 N.A. -7 i2" Ins

F (max' 8 0 0
-

From the parallel axis theorem, 04.34

using throat area of welds I
(.707 x leg) 43/4" Ref

Moment of Inertia I 1.684
w

Cweld s = 5.34

Fig. 4C
Finger Welds Incl. Gusset

Using throat area

I12



Section Modulus Z
w

Z = I = 1.684 = 0.315w z w 5.34T

w

Bending Shear Stress S = M . 4780= 15,175 psi
on the welds s - .315Z

w

Considering the additional strength that the bar gusset

weld adds to the finger welds, the section modulus of 0.315 ex-

ceeds the min. required section modulus of .210 (15,175 psi is

less than the allowable shear stress of 22,800 psi). Therefore,

the finger welds are adequate for the application.

To confirm the additional strength that the bar gusset

adds to the finger welds, the following physical tests were made

on two different carrier fingers.

Finger I: 2k" x i" x #14 Ga. Finger Plain, i.e., no gusset

Finger II: 2k" x 1" x #14 Ga. Finger with 3/8" x I" x 5" 1g. bar

Gusset per dwg. 2-1026-P26-Rev. B

Both fingers were subjected to the rated load, and then

additional weight was added until the first sign of failure was

observed, documenting weights, deflections and mode of failure(s).

Note: A third finger with a 2k" x i" x 14 ga. mitered tube gusset

was also tested at the same time as the other two (ref.

Fig. 5C); however, tests results showed that it was no

stronger than the bar gusseted finger (Fig. 5 B).

TESTS AND RESULTS PER PAGES 5,6,7, & 8

(4),



BENDING SHEAR TESTS ON CARRIER FINGER WELDS

These three carrier fingers were loaded as shown to test

the strength of the welds joining them to the crossmember, and also

to test what effect the gussets had on them.
Test
Wei ht

Test L--90(1411
Finger I _Theo.L_21__/__

no gusset--

Fig. 5A

Test L=16"

---. heo 1=16 5/L.

Finger II . . "xi"x 1-GA Tu-bin g_ Fin -e r_ p

with bar gusset 
b &

Fig. 5 B

\ _ _ Test L= 13 5/8

Finger III Teo
with tube gusset

\k\\\\Fig. 5 C

WEIGHT DEFLECT. DEFORM. DESCRIPTION
SET

TEST LBS. INCHES INCHES FAILURE MODE COMMENTS

303 0.125 0 Welds O.K.

877 0.375 0 See Pics.
Finger I 1059 0.406 0.125 Finger Bent 1,2,3,4, &5

303 0.062 0 Welds O.K.

Finger I 877 0.250 0 i None See Pic. 6
1059 0.281 0

303 0.062 0 Welds O.K.

Finger 111 877 0.218 0 None See Pic.7

1059 0.281 0

_ _ _ _ _ _ I _ _ _ _ _ _ _ _ _ _ _



PICTURES TAKEN DURING FINGER WELD TESTS

Sheet 1 of 2
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PICTURES TAKEN DURING FINGER WELD TESTS

Sheet 2 of 2
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The results of the tests indicate more than the strength

value of the e sset, however, as the welds themselves withstood

over 3 times the weight of the rated load at jam condition.

NOTE: While the recommended fillet weld thickness for #14 ga.

tubing is 1/16", the mig-welded k" fillet welds, applied

to the fingers at the crossmember, supported 1059# without

failure in bending shear which is equivalent to a section

modulus of .952 for the welds; hence, considering throat

area of the welds (.707 x leg), they are equivalent to a

fillet leg thickness of over 5/16" (.3125), which is

stronger than the parent metal thickness of .075"' (#14 ga.)

Calculations:

Max. Allowable Shear Stress S = 22,800 psi
(ASTM A513) 

s

Max. Weight Used Without Failure W = 1059# (plain finger, i.e., no gusset)

Bending Moment Mb = W x L (Point Load, Cantilever)

= 1059 x 20.5"

= 21,710 in. lbs.

Bending Moment Mb= WL x L (Uniform Load, Cantilever)

Since jam condition was specified as a uniform load,

the equivalent uniform load for a bending moment of 21,710 in.

lbs. would be 2118# (3.68 x rated jam condition)

Section Modulus of the Welds Z', = Mb 212,710 = .952

S max 2 '8 0

From Fig. 5A, using an equivalent section modulus of

.952 and a throat area (.707 x leg), from the parallel axis theorem,

the fillet leg of the welds joining the finger to the crossmember

calculates to a thickness in excess of 5/16".

(8) _ _



Case II - C Crossmember (Ref. Dwg. 2-1026-P26-Rev. B)
- Mat'l.: ASTM A500

Load (W) = 575#, r places, simply supported

Section Modulus (Z) = 1.24
375W# 3~~ 57-55

MR :R 57(1 128+24+3)r""~
2 36

2k" x 2k" x 3/16" Sq. Tubing ASTM 00RI  1342#

Vert 2  958# fig. 6Crossmember Loading2

Max. Bending Moment M= 13,806 in* bs. (Bending)
from shear - mom. diag.

Max. Bending Stress = Sb = Mb = 13,806 = 11,134 psi
-- 1.24

Therefore, since 11,134 psi is less than 32,200 psi,

the allowable combined stress per Spec. 3.5.23.1 (0.7 yield stress),

the tubing is adequate for bending in this application.

Crossmember Stresses at Side Bar - 2%" --

Area (A) of crossmember = 1.74 sq. inc. 31 T
Max. Direct Shear Stress S = R = 1342 Wall 2 "
(Crossmember at side bar) r 1.74IfJ

= 771 psi fig. 7ACrossmembeArea

Torsional Moment Mt using uniform load acting through the centerof the crossmember for worst condition

Mt = 575 x 22.375 (per finger) x 4 fingers x (assuming symm.
2 loading each end)

= 12,866 in. lbs. @ side bars k 22.375,,

WL=575# Uniform
Torsional Section Modulus (Q) ILI,,Lt I L L L7I ,., ,t
ref. Roark's "Formulas for
Stress & Strain" pg. 196

Q = 2t (lgth. side - 0 2

square M fig. 7B
= 2 (3 / 1 6 ) (2 .5 - .18 7 5 ) 2  -- t r o s e Be L o d n

Cros.'member Loading

= 2.01 
(Torsion)



-7

Torsional Shear Stress S = Mt

1= 2,j8-6 6
2.01

=6,401 psi

Therefore, since the direct shear of 771 psi and the

torsional shear of 6,401 psi are respectfully less than the allow-

able direct shear of 27,600 psi and the torsional shear of 29,900

psi, the tubing is adequate for shear and torsion in this application.

Weld Stress (Crossmember to Side Bar)

Recommended fillet weld thickness for L51
3/16" tubing = 1/8" (0.125) square welc

Total area of welds (A) 0.88 sq. in. _____ Ell
using throat area (.707 x leg)

fig. 8A
Max. Direct Shear Stress Ss  R 1342 1525 psi A

0.88 Crossmember Welds

A i,.io side bar7

Torsonal Section Modulus Qw= 2(.088) (2.676-.088)2 1342#

of the welds

=1.18

Ref. Roark's "Formulas for
Stress & Strain" pg. 196

using throat area (.707 x leg)

Torsional Shear Stress St = Mt = 12,866 = 10,903 psi fig 8B
welds 1.18 Loads on Welds

Crossmember to Side Bar

Therefore, as in the case of the crossmember proper,

the welds joining the crossmember to the side bar are likewise

adequate for this application.

_(10)



Case II - D Carrier Shaift Mounting Bolts (Ref. Dwg. 2-1026-P20F Rev. A)
- Mat'l: MIL-B-857 Grade 2, 5/8-11 UNC

Area of Bolts (A) - 0.202 sq. in.
(Root Area) 11 7f lk--

her R =R +1342# 5/8 -11 UNC Bolts

Mb 2++

Therefore, R1  1393# M= 12,866 in 1 s Shaft

Combined Shear Stress
(direct & torsion)

from freebody diagram
using worst cond. (R1)

S = P = 1393 = 6,896 psi
.202 B

M = 12,866 in lbs
Req'd Tensile Yield Stress fig 9

Physical & Freebody Diagram of
Min. Tensile Y.S. = Actual Shear Stress Bolt Loading

(shear) 0.6

= 6,896 = 11,493 psi
0.6

Therefore, since the tensile yield stress of a 5/8-11

Grade 2 bolt is 64,000 psi per MIL-B-857, which exceeds the req'd

11,493 psi, they are adequate for this application.

Case II-E Carrier Shaft Welds (Ref. Dws. 2-1026-P28-Rev. B)
- " Fillet Welds

Jam Stress Calculations 1393j4
per Fig. 10 AS

, I i

et Vert. Force = 1393 - 51 = 1342#

Area of k" fillet weld using throat
area (.707 x leg) = 1.11 sq. in. _ _ '

Direct Shear Stress on Welds al$ /55j#

=sd F = 1342 = 1209 psi fig 10A
AX 1.1 Loading on Carrier Shaft
A Mounting Plate

(from Bolts)



Torsional. Moment M
Mtt

Mt =[1393 x 2.125] + [51 x 2.125]ille Welt

3069 in. lbs. fig l0B

4 4 Carrier Shaft WeldsTorsional Section Modulus w= o"ri (to mounting plate)

of the welds 2 R

Ref. Roark's "Formulas for =([(i.052) (.875)1
Stress & Strain" pg. 195
using throat area (.707 x leg)

Qw= .952

Torsional Shear Stress Sst = Mt = 3069 = 3224 psi
- .952

Combined Shear Stress = 1209 + 3224 = 4423 psi

(direct & torsion)

Using AISI 1020 HRS mtg. plate and ASTM A276 Type 304 stainless

steel shaft, and assuming that the weld properties will equai

those of the parent metals:

Min. Tensile Yield = 30,000 psi (stain. stl.)

Max. Allowable Direct Shear = 60% yield = 18,000 psi

Max. Allowable Torsional Shear = 65% yield = 19,500 psi

Therefore, since the direct shear of 1209 psi and

the torsional shear of 3224 psi are respectfully less than the

allowable direct and torsional shear, the materials and welds are

adequate for this application.

CASE II-F Carrier Shaft (Ref. Dwg. 2-1026-P28-Rev. B)
- Mat'l.: ASTM A26 Stainless Steel Type 304

The weakest portion of the shaft occurs at its least

area which includes the .185" flat for the cap, the .75" dia.

bore for the cam follower, and the 3/8 x 3/16" keyway.

" (12)



Mt =3069 in. ibs.

Jam Stress Calc. (Ref. Dwg. 2-1026-SC3)
per Fig. 11B

Torsional Section Modulus Q .565"
Ref. Roark's "Formulas for , -

Stress & Strain" pg. 194
and 199 using Case 26 due
to its worst condition

Q carrier Q shaft = Q bore fig 11A

shaft proper
3 3 Carrier Shaft Cross-Section @

C x r 3 - r2  Weakest Area

2 ----- 0.75

where C = .912 (actually higher)

Q = 0.302

Torsional Moment Mt = 3069 in. lbs. 7 7
t.565" Z

Torsional Shear Stress

Sst = Mt = 3069
.302
. fig. !i

= 10,162 psi Worst Condition

Reqtd Tensile Yield Stress =10162
.65

= 15,634 psi

The req'd. tensile yield stress of 15,634 psi is
less than the 30,000 psi yield stress of the ASTM A26 Type 304
Stainless Steel Carrier Shaft, therefore, it is adequate for the
application.

Shear Stress on Shaft Key S s
per Fig. I1 C s --

S= M tl '-
Shaft Rad x (Key W x L) --

3069 =8730 psi
.75 x .375 x 1.25 Shaft Key

Therefore, since the shear stress of 8,730 psi is
less than the allowable shear stress of 32,400 psi for AISI 1018
CRS, the 3/8" sq. key is adequate for the application.

(13)



Case II-G Guide Arm (Ref. Dwg. 2-1026-P27-Rev. A)

-Mat'l AISI 1018 & 1020 HRS

Jam Stress Calculations (Ref. Dwg. 2-1026-SC3)

Per Fig. 12 ... _

Norral Force to Resist FnCarrier Shaft Torque-

F = Mt = 3069 = 76.7

I i , Plain View

Bending Moment Mb = F xL 

Assuming the normal fi. 12mGuide Arm

force working on the average

cross-section of the guide arm

(at L = 2.5) S

Mb = 76.7 x 2.5 = 1918 in. lbs.

Bending Section Modulus Z = 1.302
@ L = 2.5"141

Bending Stress S t = Mb = 1918 Side View
r .302

=1473 psiF

Torsional Moment M (due to eccentric load on Camrol) I_2" -2

t .

M =F x 2.4 = 76.7 x 2.4 = 1.841 in. lbs.
t n

Torsional Section Modulus Z = .866
p

Torsional StressS = M = 1841 =2126 psi

p

-- (1.4)



__M

Combined Stress S (bending & torsion)n

Sn S b + '(Sb
)2 + (St)2

2

= 1473 + (737) + (2126)
2

= 2987 psi

Max. Shear Stress = ( Sb) 2 + (S t)2

= 2250 psi

Therefore, since the combined stress of 2987 psi is

less than the allowable combined stress of 22,400 psi (.7 Y.S.),

and the max. shear stress of 2250 psi is less than the allowable

shear stress of 19,200 psi, the guide arm proper is adequate for

the application.

Case II-H Camrol Mounting Arm Welds (Ref. Dwg. 2-1026-P27-Rev. A)
- 1/81" Fillet Welds

Worst Condition: Assume no compressive assistance from Camrol
Per Fig. 13A stud mounting

Bending Moment Mb = 767 x 1.25 -.

= 959 in. lbs. ,
Section Modulus of the Welds Z I

using throat area (.707 x leg)w ,

4 R F n 7 1/8" Fillet Weld
4 .707 X 1/8" . Leg

?= [ _.713 (.625)--.62

4 (.713) R_.,Ro

713
= .117

Camrol Mounting Arm Welds

(15)



Weld Shear Stress = Ss  M 959 8197 psi
due to bending Y- .117

w

Since the bending shear stress of 8197 psi is less than

the allowable direct shear stress of 19,200 psi, the welds are

adequate for the application.

Checking Bending Strength of Camrol Mounting Arm
ref. Fig. 13 B

Section Modulus of Arm Z

Z = (.625) - (.375) 4  = .167
4 (.625)

Bending Strers Sb = N = 959
mounting arm - .167 fig

= 5743 psi Camrol Mounting Arm

Therefore, the Camrol mounting ann is likewise adequate

for the application.

Case lI-J Cap (Ref. Dwg. 2-1026-47F-Rev. A)

F FtMat'l.: AISI 1018 CRS t

Worst Condition: Assumae cap takes entire
Per Fig. 14 load (no key)

A

Carrier Shaft Torque Mt - 3069 in. lbs. , 0

Tangential Force Ft = Mt  = 3069
at Point "0" - .75red. .75"

4 4092#

fig 4A

Cap Loading

(16) L



0 90 41.12 48.88

Normal Force Fn  F Ft Cos 0
4092 (cos 48.88°=2691# iL

Cap Loading: Ref. Fig. 14B

Bending Moment Mb  =F A x B h 3/

L b

= 2691 x .757 x 1.743 = 1420 in. lbs. A
2.5 (--B

22

Cap Section Modulus Z =bh2  .73

6 fig 1414

= 1 x (.75) 0.09375 Cap Loading
6

Bending Stress Sb - Mb = 1420 = 15,146 psi
0.09375

Since the max. allowable stress for AISI 1018 CRS

is 37,800 psi (.7 Y.S.) which is greater than the 15,146 psi

bending stress, the cap is acceptable for the application.

Case II-K Cap Mounting Bolts (Item 12 Dwg. 2-1026-P20F-Rev. A)

- Mat'l.: MIL-B-857 Grade 2, -13 UNC

Bolt Loading: R1 = 2691 x 1.743 = 1876#
Per Fig. 14B 2.5
Above

R2 = 2691 x .757 =815#2.5

Therefore, since the min. breaking or stripping force of the

-13 bolts is 9790#, they are adequate for the application.

( 7) . ..... ... ..(17)



Track System Calculations for Jam Condition

NOTE:" Stress calculations concerning the track system under

jam condition were included in Items (d) through (h)

inclusivep in our letter of transmittal dated October

14v 1976.

IFIi
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Section VII

Engineering Studies and Investigations

This Section contains three Engineering studies conducted

by the Contractor during Phase II of R & D Contract No. N00024-

72-C-500.

A. Design Study on the Posidyne Clutch/Brake

B. Investigation to Determine if Interal Bracing can
be used to Eliminate External Stiffeners on Water-
tight Trunk Applications for Vertical Stores Con-
veyors

C. Design Study of Conveyor Overload Protection

+I



DESIGN STUDY ON THE POSIDYNE CLUTCH/BRAKE

DD1423 Item BO01AK

(partial fulfillment of line item
004 of Contract N00024-72-C-5500)

Copies: 5

Reproducibles: 0

Submitted to: Commander, Naval Ship Engineering Center
Center Building
Prince George's Center
Hyattsville, Maryland 20782
Code 6164

Attention: Mr. Satterthwaite
Mr. Otto

NOTE: The original of the enclosed DD250 should be signed at
destination and destribution made including a signed
copy to:

Kornylak Corporation
400 Heaton Street
Hamilton, Ohio 45011

Attention: Mr. R. A. Larson
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POSIDYNE CLUTCH/BRAKE

CDRL ITEM B001AK

USN CONTRACT N00024-72-C-5500

JULY 28, 1976

Submitted: July 28, 1976

By: Kornylak Corporation

Hamilton, Ohio
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DESIGN CONSIDERATIONS

FOR INCORPORATING THE

POSIDYNE CLUTCH/BAK UNIT

INTO THE

VERTIFLO POWER TRAIN

JOHN E. GERSTLE

KORNYLAK CORPORATION



SYNOPSIS

The Posidyne Clutch/Brake unit is a versatile tool that offers

potential safety to the conveyor system much superior to that

of other torque limiting devices. However, in order to utilize

this potential for safety, an auxiliary precision air supply

must be incorporated and carefully adjusted. A fail-safe mode

is inherent in the unit.

I"
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I. - INTRODUCTION

1.1 Background - Due to the confined nature of the Vertiflo

style of conveyor systent. jam conditions inevitably arise. The

Kornylak Vertiflo has a variety of safety s;.it-.ies to detect

misloadad packages before a jam can occur. However, switch

failure, or some condition unrelated to the cargo could cause

a physical jam of the system.

The immediate result of a jam situation on the conveyor

is an instantaneous increase in the torque drawn from the drive

train. This is transmitted from the carrier chains to the head

sprockets, to the reducer, to the drive clutch, and to the motor.

The motor uses extra power to provide the elevated torque re-

quirements. If unrelieved, this extra power will burn out the

motor, or the extra torque will destroy some part of the power

train to release the tension.

1.2 Existing Safety Features - All Kornylak conveyor drive

motors are provided with the motor overcurrent protection devices

standard in industry. The Vertiflo conveyors are further pro-

tected by instantaneous trip overcurrent relays which are so

sensitive that they must be bypassed during startup. Further,

various photoelectric and cable switches are installed to check

the package orientation on the carrier trays.

Mechanical safety consists of some typc of slip clutch which

will limit the amount of torque that can be exerted by the motor,

and possible installation of easily replaceable "weak links" in

the system.
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1.3 Limitations of Existing Devices - The standard motor over-

load is designed to protect the motor and thus responds slowly

to brief peaks of excess torque which the motor can stand. Thus

the torque could cause excessive damage before this switch shut

the system down. On the other hand, the instantaneous trip over-

current relays, if set to be really effective for jam safety,

after trip out on a current surge not directly related to a

true jam. A patch of rust in the wrong place could stop the

conveyor each time a particular link in the chain passes by.

Mechanical slip clutches suffer from basic inaccuracy,

and are limited by start-up requirements. The friction force

between two pressure plates can vary drastically due to wear,

temperature, humidity, and static versus zliding friction.

For ball detent type torque limiters, the setting must be adjusted

high enough to allow for start-up and cannot easily be reduced

while the conveyor is running. Likewise, a different torque

limit could not be provided for the "up" versus "down" motion.

Refer to section IV on page 14.

1.4 Advantages of Posidyne - The Posidyne clutch unit reduces

these disadvantages. Its torque is directly proportional to the

air pressure applied to the unit. Thus, it is only necessary

to change the applied pressure following start-up to reduce the

torque limit to 1hat for "running" jam protection. The torque

limit can bi set as accurately as needed using precision air

pressure regulators for each torque setting. The environment ;2

has much less effect on the torque setting than is the case

with a fric-tion clutch, since the Posidyne pressure plates are

immersed in oil to maintain uniform conditions. Further, this
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unit dies not provide the "all or nothing" problem of the ball-

detent or instantaneous trip overload torque limiting devices.

Instead it continues to provide a limited torque to the load

until shut off by a zero-3peed switch. This allows it to ride

over rough spots and survive voltage surges without stopping

the conveyor.

In addition the Posidyne clutch provides a "soft start"

capability. The start-up torque can be controlled to provide

an acceleration ramp, if desired.

1.5 Disadvantages of the Posidyne Clutch - The chief disadvantage

of the unit is the requirement for pressurized air and the extra

hardware to control this air. A 3-way valve and a precision

pressure regulator and gage are required for each torque setting.

Also, to make the conveyor less dependent upon external systems,

a small compressor must be linked directly to the drive motor

to provide the air to operate the clutch.

Temperature has some effect on the torque setting of the

unit due to the viscosity change in the oil inside the clutch

unit. This leads to a slight torque change between initial turn

on and the steady state level. But this is less variation than

exists with a friction clutch exposed to the atmospheric humidity

as well as temperature. The temperature change from Arctic to

Equatorial operation could be compensated for by readjusting

the pressure settings as needed.

The standard unit is built of cast iron, which does not

meet Navy specs. However, the manufacturer has an optional ductile

iron unit which was designed to meet the specs. when these units



were used on other Navy projects. This option adds about $100

to the cost of each unit.

1.6 Conclusions - After studying a large number of types of

torque limiting devices, the Posidyne Clutch/Brake system was

chosen. This system provides the capability to control all

phases of the conveyor operation. Its advantages appear to

justify the additional cost involved. Refer to section IV on

page 14.

(4)



II. - HARDWARE

2.1 Posidyne Unit - The clutch and brake within the Posidyne

unit each consists of a series of interleaved pressure discs.

For the clutch, half of the discs are keyed to the drive member

and the rest to the driven member. For the brake, the discs

are keyed to the driven member and to the case respectively.

When no pressure is applied to the unit, internal springs hold

the brake discs together resisting any rotation of the driven

shaft. This provides fail-safe braking. If compressed air is

applied to the clutch port, the brake is released as the force

of the air overcomes the brake spring tension. When more pressure

is applied the clutch discs are pressed together to transmit

driving torque. The air pressure, minus the pressure required

to release the brake, is linearly proportional to the torque

transmission capability of the unit.

If any "slip" occurs within the Clutch/Brake unit, the

friction forces generate heat. In this unit a built-in oil

pump circulates cooling oil between the discs to keep the rubbing

surfaces cool and lubricated. The heat is transfered to the

finned case to be dissipated. If the unit is unable to eliminate

this heat and the oil gets too hot, a temperature switch will

shut down the conveyor to prevent destruction to this unit.

An important advantage of the Posidyne unit is the low

maintenance required. The manufacturers has performed routine

check out of units in the field and has found negligible wear on

S(5)J



the pressure plates after years of service except in a few cases

of extremely severe duty cycles. This latter case involved driving

a flying shear cutting bar stock, in which the cutting mechanism

had to be accelerated to the speed of the bar stock in half a

revolution, and decelerated during reset to stop within a fraction

of an inch of nominal. A small demonstration/test unit has been

alternately starting and stopping for several years and has logged

over 18 million cycles with negligible plate wear.

The oil used in the units is a high grade of automotive

automatic transmission fluid designed for a 20 year service life

and capable of operation over a wide temperature range. So,

unless something should cause the oil to leak out, the units
I

should not have to be touched for the life of the conveyor.

On the other hand is the problem of run-in. The surfaces

of the plates are such that more torque is output per PSI of air

pressure when the plates are new than after some use. In order

to provide the precision and repeatability needed, the units

must each be cycled until the torque relationship no longer

changes. This can be done by the manufacturer for an additional

charge.

2.2 Compressor - The pressurized air to operate the clutch

unit can be generated by a Gast oil-free air compressor belt

driven by the conveyor drive motor itself. This eliminates tne

conveyor dependency on ship air. The motor and compressor are

started when the warning horns sound, and there is plenty of

air available by the time the clutch is energized to start the

(6)



conveyor. Only small quantities of air are required but a

constant pressure head must be maintained. The chosen compressor

can supply the necessary shot of air for start-up even with the

motor at its lowest speed, and can remain dead headed for con-

tinuous running.

2.3 Air Filter - Since the quantity of air used is so small,

there will not be a large build-up of oil or water in the system.

However, removal of water from the clutch unit is difficult and

is better handled by minimizing the amount of water taken in.

Further, micron sized particles in the air system could reduce

the accuracy of the precision pressure regulators. Consequently,

a Watts air filter with a water limiting coalescin element and

automatic drain will be used with the system.

Oil in the system will not hurt the clutch as will water,

and might help the valve operation, but the flow of air is too

small to operate an oil mist lubricator. The valves chosen do not

need oil.

2.4 Pressure Regulators - Since the only control available of

the torque transmission of the clutch is the air pressure provided

to the unit, precision pressure regulators must be used. Most

important is a high degree of repeatabilty over the environmental

conditions that must be faced. Primarily, this is temperature

variations, since the regulators will be installed in an enclosed

box for security. Chosen was the Fairchild model 10 which is

designed to repeat to a fraction of a PSI under all conditions.

(7)



2.5 Precision Gages - Although the pressure and torque are

controlled by item 2.4 above, the set-up man needs a true read-

out of this pressure. Provided are Helicoid style 41OTD test

gages with % accuracy and .2 PSI meter sub-divisions. With

these the set-up man can fine tune the unit to a fraction of a

foot-pound of torque.

2.6 Pressure Selector Valves - Three-way direct operated solenoid

air valves are needed to control the selection of which pressure

is to be applied to the clutch. These are arranged in a cascade

fashion with the "start-up" pressure overriding the others.

Consequently, at least two of the three valves must be of "universal"

type operation in which pressure can flow both ways. The only

other requirement of these valves is for long trouble free life

without lubrication (ref. item 2.3). A number of valves are

under consideration for this function.

2.7 Locked Enclosure - Since the setting of the pressure reg-

ulators is so delicate and *critical, adjustments must be made by

authorized personnel only. For this reason, the (3) regulators

(item 2.5) and the (3) solenoid valves (item 2.6) will be installed

inside a locked oiltight enclosure. However, since the pressure

regulators must bleed air to maintain their precision, a breather

hole will be provided in the bottom of the box with a filter/

muffler installed to block entry of dirt or other ojects into

the box.

The regulators with gages and the solenoid valves with a

terminal strip will be premounted and plumbed on a metal panel

insert. This panel can be quickly mounted in the enclosure with

(8)



(4) nuts, (2) air lines, and a 4-wire electric cable. I,

necessary the panel can be just as easily removed for repair

without disturbing the air line to the clutch or to the com-

pressor.

If the compressor (item 2.2) is not to be used, another

source of clean dry compressed air can be connected to the input

fitting to this enclosure, and the system will work in identical

fashion.

2.8 Zero Speed Switch - A true jam of the conveyor will cause

the system to stop. A zero speed switch can detect this condition

and cut the power to the drive motor. This becomes more useful

when there is a slip clutch of some type since the motor could

go on running until the clutch burns up. In the case of the

Posidyne unit, the internal temperature switch would shut down

the system before the unit were damaged.

The zero speed switch need not be set to trigger on zero

speed but can be adjusted to operate whenever the clutch driven

member slows below a pre-set minimum speed. This set speed must

be somewhere below the slowest of the speeds on the 3-speed motor.

Since the slowest conveyor motor speed is 850 RPM, the zero speed

switch could be set to operate below 500 RPM.

In order to avoid shutting off the system during start-up,

this switch must be bypassed. A start-up timer shorts across

the switch contact for the length of time normally required for

the conveyor to get up to speed. Thereafter a jam would operate

the switch to shut off the system.
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III.- OPERATIONAL PROCEDURES

3.1 Operating Sequence:

a. Operator presses "ON" pushbutton at Master Control Station

to provide power to the conveyor controls, and selects the

running speed.

b. Operator presses one of the "UP" or "DOWN" pushbuttons to

initiate the start sequence.

c. Start delay timer (UTR = up, DTR = down) seals in and begins

timing down.

d. Corresponding motor starter is energized to accelerate the

motor and air compressor to running speed.

e. Simultaneously, the various warning horns sound to warn

personnel to move cJear of the conveyor mechanism.

f. At time out of the start delay timer, the horns shut off and

the start-up timer is energized.

g. At the same time the UP or DOWN solenoid valve is energized

along with the START-UP solenoid valve, to apply pressure

to the Posidyne clutch.

h. The Vertiflo conveyor accelerates to speed.

i. At time out of the start-up timer, the START-UP valve is

de-energized to drop the clutch pressure Lack to the jam

protection level.

j. Simultaneouily the by-pass circuit around the zero speed switch

is opened, providing the system with full overload protection.

(10)
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k. If a jam should occur, torque will rise to the level set on

the Posidyne and the clutch will slip, leaving the motor

running.

1. As soon as the conveyor slows so that the clutch output drops

below 500 RPM, the zero speed switch de-energizes the motor

circuit to stop the motor.

m. If the jam occurs during the start-up time delay, the clutch

will slip at a higher torque, and then the zero speed switch

will shut everything off when the start-up timer times out.

3.2 Clutch Set-Up Procedure (by qualified personnel only) -

If the air supply to run the clutch is derived from a compressor

powered by the conveyor drive motor, a cut-out switch will be

installed in the regulator box to de-energize all of the start-up

cycle except the motor itself.

a. Unlock and open the locked pressure regulator box, then turn

off the conveyor out-put switch inside.

b. At the nearest control box start the conveyor drive motor

and air compressor in either direction. This should provide

pressure to the (3) air regulators inside the box. NOTE:

If an external air supply is used instead of a compressor,

turn this air on and ignore steps a and b.

c. Choose the torque requirements for each of the three operating

conditions: start-up, up running and down running.

d. From the table provided, compute the exact air pressure

requirements in each case, and adjust the respective regulators

until these pressures are available as read on the precision

gages provided.

.. .. .(11)



e. Restart the conveyor by turning the cut-off switch on. The

horns will sound as usual prior to start-up. Watch the pressure

gages to see if there is any shift in pressure as the air valves

operate to start the clutch.

f. Close and lock the regulator box.

3.3 Clutch Test Procedure - It is necessary for the conveyor

manufacturer at some point to determine the actual torque and

corresponding air pressure requirements of the clutch during each

phase of the conveyor operation.

a. Start the unloaded conveyor in the DOWN direction at the

highest speed, and open the locked pressure regulator box.

b. Turn the pressure on the "down" regulator to zero, the conveyor

should stop.

c. Raise the pressure to 22 PSI (or 41 PSI for "B" Model) to

release the brake, then slowly raise the pressure until the

conveyor is driven in full synchronism with the motor.

d. Repeat step c with a full load riding down on each tray.

e. Take the higher pressure valve from steps c and d, add 2 PSI

and adjust the "down" regulator to this valve.

f. Repeat steps b to e with the "up" regulator and the conveyor

moving at the highest speed in the UP direction.

g. With the conveyor at the highest speed, start it in the UP

direction, with full load on each tray.

h. Measure the time from the shut-off of the horns until the

conveyor is at full speed.

i. Determine if this acceleration ramp is acceptable. If not,

increase or decrease the pressure on the "start-up" regulator

in increments no larger than 1 PSI, and repeat steps g and h.

(12)



NOTE: A longer acceleration ramp allows a lower torque

setting at lower pressure, and better jam protection on

start-up. The start-up timer must be adjusted to agree with

this ramp.

j. When the desired acceleration ramp is formed, record this

pressure setting as well as the pressuras determined in step

e, for future reference.

k. Close and lock the regulator box.

A
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V. - CONCLUSION

Since jams are a serious problem with conveyor of this type, it

is important to use the best available system to protect against

the effects of a jam. A thorough study of the various torque

limiting devices on the market leads to the conclusion that the

one chosen, Posidyne, offers the best all around capabilities.

Its advantages outweigh its disadvantages.

The operational and maintenance requirements of the chosen clutch/

brake system are no worse than those of the current system, and

could offer some improvement. Every part of the system is chosen

to minimize maintenance requirements. The compressor V-Belt is

the only item which may require regular maintenance; the clutch

pressure plates should never need replacement.

The unit not only offers automatic torque selection for the

different phases of operation, but set-up of the torque levels

is much easier than adjusting the spring tension on a standard

friction or ball-detent clutch.
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Pg. 1

SECTION I

SIDE PANEL STUDY

A study of the side panel in an effort to eliminate the outside

stiffeners by increasing the thickness of the hat section and

adding a 3/8 thick rib in place of the shield support.

Reference Drawing:

Panel sizing with stiffeners 2-1026-SC9

Sheet 2 of 2 Rev. B
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is leSS. (Per rEDS,1IO3-3-e)



SECTION I Pg. 3

HEAD PRESSURE FROM 28.44 to 23.1 P.S.I.

I t
TP-5. I.

I

Wo = 23.1 x 20 = 462, w1 = 28.44 x 20 = 568.8#/in. of length

X 144 -462 + \]568.82 +C568.8 x 462) + 46221 = 73.24 in.
3

Ro = 144 (2 x 462 + 568.8) = 35827.2 in. lbs.

M = 35827.2 x 73.24 - 462 x 73.242 - 106.8 x 73.24 = 13#6678.8 in. lbs.
2 864

Z rceqd. = 1336678.8 = 49.5 in.3 for the above condition with one
2-0660 vertical stiffener at 20" location

With a horiz. stiffener located at 6'-0" above the base along with

a vert. stiffener at 20", the sec. mod. can be reduced as indicated

below.

X 516.2 + 568.82 (SER.8 x 516.2) x 516. = 36.29N2

Ro = 72 (2 x 516.2 + 568.8) - 19214.4 in. lbs.

M = 19214.4 x 36.29 - 516.2 x 36.29 - 52.6 x 36.29 3 351562.95 in. lbs.
432

Z reqd. I 351562.95 I 13.02 in.3 at tail frame side panel
27000 --



SECTION I Pg. 4

HEAD rRESSURE FROM 28.44 TO 25.81 PSI

Hat Section which is used
as a stiffener but cannot
extend into the tail frame
past the 4" lap as shown.

L iL

-. .' I, 7 ( 14. I7 ,'S.

4.9

2 h3 ID

SEC b h A hl2  i hl__E

A 5.75 .34 1.95 .12 .34 .04 .076
24.5 2.92 121.28 9.70

C 15 5.2 3.75 27.04 19.05 140.61 96.65

1.67 6.4 2.0 40.96 11.62 262.14 67.65
_ _ ...__ _ _.I

E 14 I 6.82 5.86 46.51 38.85 317.22 I 257.0414.67 .7278 431.11

d = 72.78 = .96 1n = 431.11 - 14.67 x 4.96 = 70.20

Z = 14.15 in.3 This eAveeds 13.02 in. 3 reqd.,
Ref. Pg. 3



SECTION I Pg. 5

HEAD PRESSURE FROM 23.1 TO 17.8 PSI

l , _ _ 78 F5.1,

i j

w 0 17. x 20 36 231x2 6

23Tf-

I '

I,

WO = 17.8 x 20 = 356, W1 = 23.1 X 20 = 462
x144 1-356 +462+ (462 x 356) + 352=735-" 3-/

R= 144 (2 x 356 + 462) = 28176

M = 28176 x 73.55 - 356 x 73.552 - 106 x 73.552 = 998708.8
2 864

Z Required - 36.98 in.3  This is the maximum Z required. For the
side panel useWiE section as stiffener and increase plate
thickness to 1/4" and add a 3/8 thick rib in place of the shield
support.

See next page for increaser hat section calculations.



SECTION I Pg. 6

Revised Hat Section

Increase material thickness from 3/16" to 1/4". Add new
3/8 thick continuous rib at front shield location.

I

A 1.5 9.25 37 9.62 .46 .01.5 6.75

B 3- .5 .5 .5.8 .2 1

F 9.5 10.12 2.38 102.41 23.7 "1036.43 2.37.28

14.38 63.63 502.03

d "63.63 "4.42 In. - 502.03 - 14.38 x 4.422 221.1

5.69

1 4-3 8 5 .6 9Z5- 3 8 .8 5 i n .3 .

This exceeds 36.98 in. required reference

Page 5



SECTION I Pg. 7

i i --1 '/4 F Lr. Wr 5F-c-o10 4e T .

• .I7,ITyp. trunk side panel. The

maximum span of a panel will] be 12'. A horizontal stiffener
W67 " should be at each span unless

SI a deck is at this location.

The bottom 12' panel will
I ! I require a horizontal and

I 'vertical stiffener as shown.

Panel plate thickness will be
1/4 throughout the length of
the trunk.

ii •
'7. 6 5.

I

: I

121 "4

ot c5al .Z

Total weight -6885 lbs. per side



Pg. 8

SECTION I

CONCLUSION

The outside vertical side panel stiffeners can be eliminated
by doing the following:

1. Adding horizontal and vertical stiffeners to the bottom
panel since the hat section cannot extend into the tail
frame. See Pg. 3 & 4.

2. Increasing the thickness of the hat section from 3/16 to
and adding a 3/8 thk. rib in place of the shield sup-

port.

'I



PAGE 1 j
SECTION II

FRONT & REAR PANEL STUDY

A. STUDY OF THE TRUNK FRONT AND REAR PANEL IN AN EFFORT TO

REDUCE THE SIZE & WEIGHT OF THE PANEL TO A MINIMUM WITH

STIFFENERS AND MAKE THE PANEL MORE UNIFORM IN CROSS-

SECTION. THIS CAN BE DONE BY ADDING HORIZONTAL AS WELL

AS VERTICAL STIFFENERS TO EITHER THE INTERNAL OR THE

EXTERNAL SURFACE OF THE REAR PANEL AND THE EXTERNAL

SURFACE OF THE FRONT PANEL AS REQUIRED.

iI

REF. DWG. PANEL SIZING WITH STIFFENERS 2-1026-SC 9

SHT 10F2 REV. B

%z
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SECTION 11 Pg. 2

CALCULATIONS ARE BASED ON THE FOLLOWING

Z G~NCA'A~.PC#~..L~P &CA~ *VI TP A UAV1,'O,A'YP VAR)INM
44a (6dMPSLR -OMMULAZA e&C j9/gCC7"ARPLi%7A7,ON rc

~~J~A41 P7'AWfO '47 077' 2

A'. ,/"&LcrJN Ar .
JOT, MRZAC?/ON1 A7- A.

MCNOIN$ PVOA9N? A? 0.

ow 44, PCX VAe'r 00, £.gAW7? Ari.

t(c) SIMvPLY 3"ppo*TreD SBiCMS

A * i%.

of~~~~~~w Zho d. ei. TeuMLhdc~a

01P1

buil-V 040 A Ma SMP1 =Kod tu ca b uThinta sU a a.. DRdt thek' Ana aa dt h .

F~.A '. if 0.

ind u6mdunia to 19t 2.2SO a. 3-a tht ,aI Iht co adu

Tb. ~ ~ ~ T thee maye befi ftusa ban aplyn tha thef~mi :6 tie s ~~ ~
EN~~~a pllnt Md isuldo Ihu 

ao"I ~g~ h ua

=he of-A the aumuna u s it the 5WOE t mo bu ara

The method my be thnfusn nth on by .bunit da the own in ftp

tks~~~Seto 100,d Pg.s 2, Line 25) n h aiyb

Use 60t for effective plate width or stiffener spacing, whichever is
less (Per DDS,1l00-3-e)



SECTION II Pg. 3

STIFFENER & PLATE REQUIREMENTS FROM 28.44 TO 23.1 PSI

HEAD PRESSURE

/T

HI S4 I54S 7'eN 7 ?0 7-7 %
S = Stiffener Spacing = 15"

1 = 144"

Trunk Plating =

Use (60t) for effective width or stiffener spacing (Ref. DDS1100-3-C)

whichever is less, in this case 15"

W = Ho x S = 23.1 x 15 346.5 lbs./in. of length

w I = H 1 x S = 28.44 x 15 -426.6 = bs./in, of length

,X = 144 -346.5 + 426.62 + (426.6 x 346.5) + 346.5
.. .. ... .. 3. ..

X = 1.79 x 40.74 = 72.44 in.

Ro  144 (2 x 346.5 + 426.6) = 26870.4 in. lbs.

2 3
21- 26870.4 x 72.44 - 346 x 72.442 - (80.1 x 72.443)

2 .864

M = 1946491.7 - 907826.15 - 35241.47

M = 1,003,424.2 in. lbs.

Z Reqd. = M - 1,003424.2 = 37.16 in.
S27,000--- -

~ 77~6

-.. ..... .... .... ............. ...... .. ... ...... jL :



Pg. 4

SECTION II

VERTICAL STIFFENER REQUIREMENTS

-5-5

SEC b hl A hl M h 3  IDE

A 15 .5 7.5 .25 1.875 .125 .62

B .38 7.9 2.81 62.41 11.81 493.04 62.44

C 7.07 8.53 4.44 72.76 36.59 620.65 300.73

14.75 50.27 363.79

d = 50.27 = 3.4 In = 363.79 - 14.75 x 3.42 - 193.28

Z = 37.67 in.3

This exceeds 37.16 in.3 Ref. Pg. 3

Changing the stiffener spacing on Drawing 2-1026-SC9 from 20"

to 15" causes the required Z to drop to 37.16 in.. The

stiffeners will change from (2) St. 10 @ 37.5# to (3) St. 8 @ 25#.

The weight per foot of the plate and stiffeners will remain the same.

Wgt. of a " thk. x 5' x 12' plate with stiffeners:

Wgt. of Stiffeners = 3 x 25 x 12 = 900

Wgt. of Plate = 102 x 12 = 1224

2124 lbs.

2124 = 177#/Ft. of Hgt./Side
12--



SECTION II Pg. 5

STIFFENER & PLATE REQUIREMENTS

FROM 28.44 TO 25.81 PSI

Add a horizontal stiffener to trunk section as shown:

, , 2.i.' "I

! I "'11
T ! 1  111___________ W

Ho sZ,5,, T I 5I1,

!, ~~4 FS, 1.i =
is 1.+Is I

S I t I I

S =15

1 = 72"

Wo = 25.81 x 15 = 387.15

w, a 28.44 x 15 = 426.6
/ 2

x - 72 -387.15 + \1426.62 +(426.6 x 387.15)+ 387.152
19.4

a = 1.82 x 19.88 = 36.28 in.

Ro =72 (2 x 387.15 + 426.6) = 14410.8 in. lbs.

:4 = 14410.8 x 36.28 - 387.13 x 36.282 -(39.45 x 36.283

2 432

522823.82 - 254791.15 - 4360.79

M = 263671.88 in. lbs.
3

Z reqd. = = 263671.80 9.76 in. for vert. stiffeners
27000"



SECTION II Pg. 6

HORIZ. STIFFENEW.REQUIREMENTS (1) REQD.

Trunk Plating = ,

Use 60t fcr effective width of plate with stiffener

60 x - 15

w = 15 x 25.81 = 387.15

M = W1 2 = 387.15 x 602 = 174217.5 in. lbs.
-8

~3
Z reqd. = M = 174217.5 = 6.45 in.

1 2 ,,4"U

NOTE: USE ST 5 @ 10.5 which

- -L ,-2 4 is the same stiffener reqd.

___ ._ LA for vert. stiffener's

See Pg. 7

SECI b h1 A hl2  M I h IDE

A 15 .25 3.75 .062 .46 __.0156 .078

B .23 3.942 .85 15.54 1.78 61.25 4.69

C 4.25 1.62 18.06 I_ 6.62 76.76 27.14

d = 8.86 = 1.42 In = 31.9 - 6.22 x 1.422 = 19.35 in.4

Z = 6.83 in.3 This exceeds 6.45 in.3 reqd.



SECTION II Pg. 7

VERTICAL STIFFENER REQUIREMENTS (3) REQD.

A -,j!

SEC b h, A h12  M IDE

A 15 .25 375 .062 .46 .0156 .078

B 1  .24 4.86 1.11 23.62 2.83 114.79 9.13

C 5.75 5.2 1.95 27.04 9.83 140.61 49.49 46181 13.12 58.74 in.

d - 13.12 f 1.93 In = 58.74 - 6.81 x 1.932 - 33.37 in.4

Z = 10.2 in. 3 (9.76 reqd.)

Wgt. of a x 5' x 12' plate with (3) vert. & (1) horiz. stiffeners:

Wgt. of horiz. stiffener = 5 x 8.5 = 42.5 lbs. (5 x 10.5 52.5)

Wgt. of vert. stiffeners - 3 x 10.5 x 12 = 378 lbs.

Wgt. of plate - 51 x 12 = 612 lbs.

Total Wgt. = 1032.5 lbs.

1032.5 = 86.041/ft. of hgt.
12

86 ib/lin.ft. vs. 177 lb/lin.ft. (Ref. Section II Pg. 4) is a

weight savings of 91 ib/lin. ft.

0t



SECTION II Pg. 8

STIFFENER & PLATE REQUIREMENTS

FROM 23,1 TO 20.45 nI

- - -- O.45 PSI wo  20.45 x 20 = 409 PSI

I- * aApe w1  23.1. x 20 =462 PSI

X =72 4 0 9 + 462.2 2 +462.2 X 409)+ 409=2 36.4 in.
3

Ro = 72 (2 x 409 + 462) = 15360 in. lbs.
F2

M= 15360 x 36.4 - 409 x 36.4 - 53 x 36.43

2 472

a 559104 - 270954.32 - 5916.92

M 282232.76 in. lbs.

Z reqd. - 10.45 in. 3

NOTE: (2) St. 5 @ 10.5 stiffeners from 23.1 PSI to 20.45 PSI have a

Z of 10.2 in. 3 per stiffener when a Z of 10.45 is required.

Therefore (2) as shown is not strong enough. Run (3) St. 5

1 10.5 up to 20.45 PSI. See next page for (3) stiffener

calculations,



SECTION II Pg. 9

STIFFENER & PLATE REQUIREMENTS

FROM 23.1 TO 20.45 PSI

- - o. ,Wo 2.4 x 15 306.75

X = 72 306.75 + 346.52 +(346.5 x 306.75)+ 306.752

Z = 36.14 in.

Ro  72 (2 x 306.75 + 346.5) = 11520 N.
6

= 11520 x 36.14 - 306.75 x 36.142 - 40 x 36.143

2 432

= 416332.8 - 200323.1 - 4370.59

M = 211639.11 in. lbs.

Z reqd. - 7.84 in.3 per stiffener

Use (3) St. 5 @ 10.5 with a Z of 10.2 in.3. See Pg. 7.

S = M = 211639.11 - 20748.9 PSI This is within 27000 PSI allowable
10.2 stress.

-%.-



SECTION II Pg. 10

STIFFENER & PLATE REQUIREMENTS

FROM 20.45 TO 17.8 PSI

-- L-20..5" PSr -' zo.45' ZO 409

22o4  O- a O

X 72r-3564 + I 4092 + (409 x 356) + 35 36.42 in.

Ro = 72 (2 x 356 + 409) = 13452 in. lbs.
2 3

M = 13452 x 36.42 - 356 x 36.422 - 53 x 36.423
2 462

M = 489921.84 - 236102.76 - 5541.8

M = 248277.28 in. lbs.

Z reqd. = 2489277.28 = 9.2 in.3
-27000

Use (2) St. 5 @ 10.5 with 4 thick plate which gives 
a Z of 10.2 in.3

per Tee, see Pg. 7.

S = 248277.28 = 24340.9 PSI (27000 PSI allowable)1l0.2



SECTION II Pg. 11

STIFFENER & PLATE REQUIREMENTS

FROM 17.8 TO 15.15 PSI

F -12.5'I2. r

T - -- ' -15'1' p$1 , .: 303

1 -- 17.8 P$I 1W, /7.8 Zo

?2 2oZ

X 72 303 + \356~ + (356 xc 303) + 3032" 36.48 in.
3K 3)

Ro = 72 (2 x 303 + 356) =11544 in. lbs.
6-

M = 11544 x 36.48 - 303 x 36.48 - 53 x 36.483
2462

M = 421125.12 - 201614.7 - 5569.3 = 213941.12 in. lbs.

3Z reqd. = 213941.12 = 7.92 in.

Use (2) St. 5 @ 10.5 with horiz. stiffener, see Pg. 7.

F.. . .... , -..=. .. . ... ... , ... .. f : = , -..... . i ''



SECTION II Pg. 12

STIFFENER & PLATE REQUIREMENTS

FROM 12.5 TO 9.8 PSI, I-
Ie' - 9$ 4A38,: 9.b,'3o =Z2.

- + -/2.rC -Psr 1,25 %'30 =376

30" q*-"30"

X =72 294 + 37 35x 294)- 294 21 36.72 ~

Ro - 72 (2 x 294 + 375) = 11556 in. lbs.

23
M = 11556 x 36.72 - 294 x 36.72 - 81 x 36.723 = 216844.17 in. lbs.

-2 432

Z reqd. = 216844.17 = 8.03 in.
3

Use St. 5 @ 10.5 with thick plate with a Z of 10.2, see Pg. 7.

S = 216844.17 - 21259.2 PSI (27000 PSI allowable)
10.2



SECTION II Pg. 13

(04O
iA1JE 0 T50

[ 4 .'0

I

Typical trunk showing rear

panel arrangement of vertical
"T 77W *4 IN..

I- ' , I~ .-F and horizontal stiffeners
----- Twith h thick plate stiffener

4E P& II arrangemnt to apply to front

panels between door frames

as required.

; "

I II I i

,.-T

I I

I s -4 IS-4
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SECTION II Pg. 14

CONCLUSION

The plate of the trunk panel can be kept at thick throughout

the trunk by adding horizontal and vertical stiffeners as in-

dicated. Except where noted, all stiffeners will be St. 5 @ 10.5.

This will enable a nontight trunk to be changed to a watertight

trunk with a minimum amount of change.

1. The maximum deck height is 12 foot.

2. Horizontal stiffeners are to be spaced at no more than 6 foot

apart except at the deck location where the horizontal stiffener

will be eliminated.

At each deck location the vertical stiffeners are to be cutout in

the field at installation so that the deck closure material can

extend on into the trunk side panel.

It



SECTION II Pg. 15

DOOR FRAME

Strength of door frame at lowest position on trunk:

T37777

0

23 1ZS" Mt-

R= 66 (2 x 753.6 + 796.8) = 25344 in. lbs.

M = 25344 x 33.15 - 753.6 x 33.15 - 43.2 x 33.153 422105.5 in. lbs.
2 396

Z reqd. = 15.63 in.
3

101

Typ. Door Frame (Aef. Dwg. 2-1026-117P)

See next page for Frame Sect. calculations.



SECTION II Pg. 16

DOOR FRAME

Assume that the side panel will carry part of the load.

iSEC b h A hl 2  M hl 3  IDE

A .25 1.5 .375 2.25 .28 3.375 .28

B 4.75 1.75 1.187 3.06 1.92 5.35 3.12

C .25 9.5 1.937 90.25 10.89 857.37 71

D 5.5 10 2.75 100 26.81 1000 261.48

E 2.5 10.25 .62 105.06 6.32 1076.89 64.07

.25 15 1.187___- 14.99 3375 191.51
8.056 61.21 591.46

d = M = 61.21 = 7.59 I = IDE - Ad2 = 591.46 - 8.056 x 7.592 = 127.37
n

3
Z = 127.37 = 16.78 in. (reqd. = 15.63)

CONCLUSION .

Door frame will withstand the maximum water head on the conveyor.

ii



Pg. 1

SECTION III

OPTIONAL SIDE PANEL DESIGN

A study of the conveyor side panel in an effort to keep the

thickness and weight of the plate at a minimum.

. .-



SECTION III Pg. 2
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Calculations are based on the above formulae's.



Pg. 3

SECTION III

SIDE PANEL PLATE & STIFFENER REQUIREMENTS
FROM 28.44 TO 23.1 PSI

I I.__ _____

~-T

Bottom of Trunk Add a horizontal & vertical stiffener to
Side Panel bottom 12' of trunk length as shown.

wO = 25.81 x 20 = 516.2#/In. of Lg.

w, = 28.44 x 20 = 56.88#/'In. of Lg.

725=.72 -516.2+ 1568.82 +(568.8 x 516.2)+ 516.22= 36.29

Ro = 72 (2 X 516.2 + 568.8) = 19214.4 in. lbs.6

M = 19214.4 x 36.29 - 516.2 x 36.292 - 52.6 x 36.293=351562.95 in. lbs.
2 432

Z Required = 351562.95 = 13.02 In.
3

2706 -

For horizontal stiffener use St. 5 @ 10.5 In. 3 . See Pg. 7 of
conveyor rear panel study.

For vertical stiffener use St. 5 @ 10.5 In. 3 . See next page for
calculations.



SECTIONI III Pg. 4

e isL. h Eiait.sNj

{.419 -7i.

Keep thickness of side panel at L4 thick as indicated. Use 60t

for effective width of plating =15". Reference drawing 2-1026-99F

tail frame.

12 14
SEC b hl A hI  _ hl IDE

A 5.75 .34 1.95 .12 .34 .04 .076

B .24 4.95 1.11 24.5 2.92 121.28 9.7

C 15 5.2 3.75 27.04 19.05 140.61 96.65

D 1.67 6.4 2.42 40.96 11.62 262.14 67.65

E 14 16.83 5.86 146.51 138.85 1317.22 1257.041

150 7 2,7 4311

d 72.78 4.82 I n = 431.11 ( 5.09 x 4.822 ) 83.53 in.

Z =16.7 in.3

Z reqd. = 13.02

Conclusion

4 thick plate with horizontal and vertical stiffeners as shown

is okay for '%ail section.



SECTION III Pg.5

Head' Pressure From 25.81 to 23.1 P. S. I.

T-T-~7z 5- . 1

IVI

w" - 23.1 x 20 = 462 #/in. of length
wl - 25.81 x 20 - 516.2 #/in. of length

X 72 L 463 + 516.22 + (516.2 x 462) 462 36.33 in.5"T.2 3

Ro - 72 (462 x 2 + 516.2) - 17282.4 in. lbs.

M = 17282.4 x 36.33 - 462 x 36.332 - 53.2 x 36.33 3 317074.83
2 432

Z Required 317074.83 - 11.74 in.3
27000

From 23.1 To 20.42 P. S. I.

wo - 20.42 x 20 - 408.4 wl = 23.1 x 20 = 462

X 72 484+ 4 (462 x 488x408.8 =36.36 in.N. 3

RO  72 (408.4 x 2 + 462) - 15345.6 in. lbs.

M 15345.6 x 36.36 - 408.8 x 36.362 - 53.6 x 36.363 3 281774.88
2 422

Z Required 281774.88 - 10.43 in.
27000 --- =-



SECTION III Pg. 6

Head Pressure From 17.8 to 12.5 P. S. I.

-~ -- 117. Z.0O~5

,0II

X 144 250 + 3562 +(356 x 250)X 2502- 74.09 in.
106 3

P= 144 (2 x 250 + 356) = 205446

M - 20544 x 74.09 - 250 x 74.09 - 1C6 x 79.093 = 775243.382 -- - 864

3
Z Required 775243.38 = 28.71 in. standard section is not strong

27003 enough. See Pg. 8

By addi.g a horizontal stiffener to the above, we can change the
requirements.

wo  15.1 x 20 = 302, wI = 17.8 x 20 = 356

X =72 1-302 + 3562 + (356 x 302)+ 30223= 36.49 in.

Ro = 72 (2 x 302 + 356) = 11520 in. lbs.

23
M = 11520 Y 36.49 - 02 x 36.49 - 54 x 36.493 = 213231.88 in. lbs."~412

Z Required = 213231.88 = 7.9 in.3

27000



EL I!

SECTION III Pg. 7

Head Pressure From 12.5 To 7.1 P. S. I.

1.2 ---- i, -  --- 7.1 o . ZO- 150

2I 2

-l,. 144 14 + 250, (250 x 4)+12 52

Ro =_144 (2 x 142 + 350) =15216
6

2 3

M = 15216 x 75.28 - 142 x 75.282 108 x 75.283 689770.7 in. ibs.
2 864

Z Required 689770.7 = 25.54 in. 3

27000



SECTION III Pg. 8

Cross Section 2-1026-P3-A-F

I I

33 ,o

SEC. b h i  A h M hl IDE

A 15 .25 3.75 .062 .46 .015 .075

B .375 9.75 3.56 95.06 17.81 926.86 115.85

C 1.437 9.93 .269 98.6 2.54 979.15 25.04

D 9.5 10.12 1.78 102.4 18.05 1036.44 181.42

9.359 38.86 322.385

d = 38.86 = 4.15 In. = 322.385 - 9.351 x 4.152 = 161.19

9.3-59

Minimum Z = 161.19 = 27 in.

Conclusion

The standard side panel with a 1/4 thick plate and a 3/16 thick
hat section without outside stiffeners is good don to 28 ft.
head or 12.5 P. S. I. The required Z = 25.54 ij. from Pg. 6

The available Z = 27 in.



1I

-, SECTION III Pg. 9

1' III

Typ. trunk side panel showing1, iarrangement of vertical and
0-1 horizontal stiffeners with

1/4 thick plate.

The standard side panel with a
1/4 thick plate and 3/16 thick

plate hat section can be used
=. . down to 12.5 P. S. I. without

any outside stiffeners below
12.5 P. S. I. Horizontal
stiffeners will be added at
6 ft. intervals as indicated.

-....... I.I At the bottom section (1)

vertical stiffener will also
fn __ _ L be added. All outside stiffeners

will be St. 5 @ 10.5.

S- iT  The maximum length of a panel

W will be 12' long. A horizontal
-m I4i - stiffener should be at each 12'

span unless a deck is at this'F-' height.
71-

'

2%44A

Total weight = 5564# per side

This is comparable with 6885 lbs. per Section I, Pg. 7



SECTION III Pg. 10

Conclusion

A standard side panel with a 1/4 thick plate and a 3/16
thick hat section can be used the full length of the trunk
with a minimum amount of change to make it W. T. by doing
the following:

1. Add horizontal and vertical stiffeners to the bottom panel
since the hat section cannot extend into the tail frame.

2. Add horizontal stiffeners at 6' intervals as indicated
on Pg. 9.

3. All calculations have not taken the horizontal channels
located on the inside of the side panels into consideration
although they do add strength to the construction of
the trunk.

The main advantage to this study is that the basic trunk will remain
the same whether the trunk is W. T. or Non T.

The addition of a minimum amount of stiffeners will required
to change from a Non T. trunk to a W. T. trunk. I

2i
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CONVEYOR OVERLOAD PROTECTION REVISION I

INTRODUCTION

REF: (a) NAVSEC LETTER 6164D2/SJO SER. 685

(b) KORNYLAK LETTER 2-1026/D. SMITH DATED 29 June '76

(c) CONVEYOR SPEC. SHIPS C-5552

1. In compliance with paragraph 2 of ref. (a), this study shall

cover the following:

(a) Review of mechanical friction clutches with torque

limiting capabilities.

(b) Also an evaluation of positive type torque limiting devices.

(c) An electrical overload device to monitor the power circuit

as part of the conveyor overload protection.

2. Based on the parameters formed by ref. (a) and (c), along with

the reasons for disapproval of the posidyne unit submitted

with ref. (b), the different types of torque limiting devices

has been narrowed down to a select few which have such features

as simplicity, minimal maintenance, economical and no external

power requirements for transmitting and/or limiting torque.

3. Although friction type clutches are the most common type of

torque limiting device, a realtively new positive type device

which uses a spring loaded ball or key detent for limiting

torque transmittal will also be reviewed and considered in

this study.

(i)



4. Since the tray overload protection device as defined in

paragraph 3.4 (b) and 3.4.22 (d) of ref. (c) has been temp-

orarily shelved in Phase II, another type of electrical

overload device must be selected to provide added protection

to the conveyor system.

(ii)
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1. TORQUE LIMITER LOCATION

1.1 Most torque limiting devices are recommended, by the

manufacturer, to be located on the output shaft or slow

speed side of the reducer (ref. Fig. 1) for the following

reasons:

(a) Helps prevent friction This can occur during
disc glazing. continuous or prolonged

slippage at high speed.

(b) Dampens motor startup This will allow a closer
torque. torque setting to be made

to full load requirements.

(c) Reducer error in torque An error in torque setting
setting. on the input side of the

reducer is magnified by the
reducer ratio at the output
shaft.

I "

ELE" p MOTOR

Torque Limiter located on -RAY !C
Output Shaft of Reducer

(r-.;, REi) .:



1.2 The torque limiter location as shown in Fig. 1 is not ideal

for application in a drive train for a vertical type conveyor

because the location is on the load side of the reducer and

also in between the brake and the load. Eventual wear or

even accidental lubrication from excessive lubricant on a

drive chain could cause slippage under load, allowing the

conveyor to backtravel and cause damage.

1.3 Therefore, the proper location for the torque limiter in this

case and as specified by SPEC. SHIPS-C-5552, is in between

the motor and the input shaft of the reducer (ref. Fig. 2)

thus defeating the advantages mentioned in paragraph 1.

JII
\ELECR tOTOk -

GEAR

Torque Limiter

located on
Input Shaft
of Reducer

MAIN CONVEYOR IRIVI ,

(2)



2. DESIGN REQUIREMENTS AND LIMITATIONS

2.1 Requirements by specification

Ships C-5552 Ref. paragraph 3.5.13 & 3.5.15

(a) Friction clutch to include a flexible coupling.

(b) Adjustable setting to allow slippage between 110-115%

of rated full load.

(c) Further adjustment required to allow dynamic testing

per paragraph 4.3.2.

2.2 TORQUE LIMITER SIZE SELECTION

2.2.1 Drive calculations per K.C. Drawing 2-1026-DC Rev. A

indicate that drive sizes from 3 HP to 10 HP inclusive I
are required to cover the required 20 ft. to 90 ft.

center distance range of conveyors.

2.2.2 Past purchases of standard 85# Capacity Vertical Stores

Conveyors for Navy ships, ranging from the shortest units

on the "LSD" Class ships to the tallest units on the "AS"

and "CVA" Class ships, provide the following input

collected from 255 installations.
13%, (a quantity of 34) would have a 3 HP drive

72%, (a quantity of 184) would have a 5 HP drive

13%, (a quantity of 35) would have a 75 HP drive

2%, (a quantity of 5) would have a 10 HP drive

The above figures are based on the 85# size conveyor

center distances applied to the drive selection chart

on the above drawing, using the 60" tray space column.

(3)



2.2.3 The torque range and bore sizes required for each drive

size are as follows,

Drive H.P. 3 5 7h 10

Operating Lb. Ft. 9 15 22.5 30

Torque Lb. In. (108) (180) (270) (360)

Input
Motor Bore 1.625 1.625 1.875 1.875

(2) Output
Reducer Bore 1.625 1.750 1.875 2.000

Adj. Range 50% to
150% of Oper. Torque 54 90 135 180
Lb. In.

162 270 405 540

(1) Motor input bore based on 3 speed constant torque

motors using 254T through 286T Frames.

(2) Reducer bore sizes based on using Core Drive HU

Models with 4", 6", 7" and 8" C.D.

2.3 Other design requirements:

(a) Automatic shut-off limit switch activated by Torque

Limiter at point of overload.

(b) Bi-directional operation.

(c) All position (vertical or horizontal) mounting

(d) Externally and infinately adjustable.

(e) Capable of withstanding frequent overload.

(f) Steel construction (no cast iron permitted).

(g) Automatic reset in either direction.

(h) Maintain accuracy of trip setting under abnormal

conditions. Such as corrosive salt laden atmosphere,
0 0

ambient temperature range of -200 to +120 F, high

humidity, dusty or oily atmosphere.

(4)



Limited maximum setting and/or tamperproof setting.

(k) Enclosed unit (for environmental protection).

(1) Minimum maintenance.

(



3. MECHANICAL FRICTION TYPE CLUTCHES

3.1 The most common torque limiting devices available are
mechanical friction type clutches which basically con-
sist of two different designs, Rim or Drum and axial
type.

3.2 The rim or drum type (ref. Fig. 3) are of the internal-
expanding or external-contracting shoe type. Both
types rely on a combination of air pressure and release
springs or centrifugal force for ccntrol. The expanding
type is commonly used for continuous slippage in con-
trolled torque applications while the contracting type
is best suited for cyclic applications, neither of
which are suitable for vertical conveyor operation or
overload protection.

3.3 The axial type consist of the following designs, cone,
disc and multidisc.

3.3.1 CONE DESIGN - Ref. Fig. 4 and 4A

The present tendency is to limit cone type clutches to
low speeds where sudden pick-up of load is not object-
ionable. Past performance of certain cone type clutches,
operating at motor speed (1750/1800 RPM), failed to
provide protection since the cone design is susceptible
to heat build up during high speed slippage. This
causes a malfunction or breakdown of the friction cone
which defeats its torque limiting capabilities, and
for this reason will not be considered any further.

3.3.2 DISC DESIGN - Ref. Fig. 5 and 5A

This design is tha simplest and most economical, mech-
anical friction type clutch available, and is mechanically
held in constant engagement by one or more springs.

3.3.3 Both makes shown in Fig. 5 and 5A, offer the following
features in that,

(a) They can slip during engagement thus allowing the
drive to pick-up and accelerate the load with
minimum shock.

(b) They can be used at either high or low speed
engagements and will slip under shock loads,
providing cushioning to the system.

(c) They automatically re-engage when the overload
is removed.

(6'



3.3.4 Disadvantages of this design are as follows:

(a) Inaccuracy of torque setting and repeatability
due to changes in humidity, temperature, friction
lining wear or contamination by oil, rust or dirt.

(b) Erratic or unstable spring pressure based on torque
setting being in low range of spring pressure.

(c) No definate movement available (other than normal
slippage) to use for tripping a motor cutout limit
switch.

3.4 MULTI DISC TYPE - Ref. Fig. 6 thru 6H

3.4.1 Multi Disc units are similar in operating principle to
single disc units. The major difference being that
alternately stacking or interleaving of the driven
and driving discs can increase the friction area thus
creating a greater torque capacity for a given clutch
diameter.

3.4.2 Limitations to this design are,

(a) Restrictions to the number of starts per hour
when compared to a single disc clutch of the same
mechanical capacity and material, due to heat
build up when they are used in air as a dry clutch
without lubrication.

(b) Loss of capar-Ly at the time of engagement due to
disc slid4 .q resistance.

(c) Complexity of parts and more maintenance is re-
quired when compared to a single disc unit.

(d) Periodic cleaning of the discs is required to
assure that the adjustment or setting remains
the same, even for a wet type clutch.

(e) Accumulation of occasional slippage will even-
tually cause a false overload tripping of the
unit shown in Fig. 6.

3.4.3 The unit shown in Fig. 6 is not recommended for use
where the overload is only slightly higher than the
maximum overload. The overload recommended by the
manufacturer must be either a heavy shock or a suddenly
applied load substantially greater than the maximum
working load. Therefore, a gradual build up of over-
load might not trip the unit.

(7)



3.4.4 The overall picture presented by this unit indicates that
many variables are involved in determining the overload
limits or setting for this type of clutch and that

maintenance is required at regular intervals for either
the wet or dry type, to maintain the correct setting
when found. Therefore, it is our opinion that the
multi disc type is too complex and has several undes-
irable features which are not suitable for this app-
lication.

(8)
_ --
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RIM OR DRUM TYPE CLUTCHES

Rim or drum
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DALMTON MODEL "OSDC"
OVERLOAD SAFETY DEVICE

The Dalton OSDC (Overload Safety Device Coupling) provides overload
protection through the use of an OSD unit combined with a roller chain N
coupling half counterbored to fit the OSD flange. Standard double-width Al
roller chain is used to couple the bas;ic OSD unit and the coupling half.

The' OSDC cant be set with a torque wrench for maximum load
desired. The unit functions as a roller chain coupling until an overload
occurs, causing the OSDC to dis-engage. The device is. automatically Paen No.
re-engaged when the overload is eliminated. 2,659,220

MAXIMUM BORE MINIMUM BORE
Max. . - Coupling OSD Coupling

Coupling Weaight Ft. Lbs. No. of Coupling OSD Coupling OSD Half Sprocket Chain
No. Lbs. ITorque Springsl Half Half Half Half No. No. No.

OSDC-225 4 35 1 I '2" 3/4",% 4020A 4OA2OGC D40

OSDC-225D 4 50 2 I'/2" 3/4 s " 4020A 40A20GC D40

OSDC-337 9'/2 100 1 21/411 1 1/1'" 1/2 " 4027A 40A27GC D40

OSDC-337D 92 175 2 2 "4 1 1/2" 1/2" 4027A 40A27GC D40

OSDC-450 16 190 1 311 1%/a" /4 3/4" 5026A 50A26GC D50

OSDC-450D 16 285 2 ~ " 1 /a 31" 4" 5026A SOA26GC 050

OSDC.600 30 320 1 4"1 1s/80 it" 1", 6031A 60A3 IGC D60 -

OSDC-600D 30 440 2 4" 85~ 1" 1" 6031A 6OA3 IGC 060

OSDC-760 46 550 1 5" 2/2 " 1",1 8027A 180A27GC D80

OSDC-750D 46 775 2 5" 2/2 " I"1 8027A 08A7G 80

*For maximum bore on 050225, 0SD225D. 0SD337 and OSD3 370, a shallow keyway
is used of 1/2 sti-ndard depth. Use the next larger size "OSD' unit when a standard keyway is desired.

-In furnishing a coupling
J"half to be used in the FORMULA FOR

oOD" caemutb
care .... TORgUE.HORSEPOWER (Foot Pounds)

0 P'*taken that a sadr
IV ' cut tooth sprocket is not HP X55

"~'~ .. /used. The teeth of the TORQUE IFt. Lbs.) RP
withspeial orqe RPM

- "OSDC' coupling half

* .,,, ~tooth form to compen- HOSPWR= 5252OA sate for shaft misalign-
Ile ~ ment.
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MORSE Torque Limiter couplings

torue limiter cimpling A - A........

-; The Torque Limiter -,upling*com-
bines overload sip protection with
the ability to couple driving and
driven shafts, It is an assembly con-
sisting of a standard Morse TorqueLimiter and a roller chain coupling.

A stock "A" plate sprocket withground faces serves as the center

member cr the Torque Limiter, and
.~ it is coupled to a type "B" sprocket

by an ASA double strand roller chain .
whi'-h is easily connected by a
sngle pin. This construction pro-
vides a dependable and easy-to- - "
assemble flexible coupling having D- r- E
shaft misalignment compensation.

Stock Lit Stock

MMl shirgT~ rQie Mix. Soe M N. Plain Lilt F flihed List DIMENSIONS Appsrox.
l Capacity 6eret Price Bore Pice Spt. (Inches)----- Toquecat To MII. Mr. . Lbs. "t.

Numbr : o L.plr" " Min. Plan 0orq0e -Cl[ Fisshed Size Lbs.
min. Max. Limitr Spkt Uniter Spkt Sore Limiter Spt, re A C 0

250A-IC 010 V21 5 20 A 1' $ 9260 ' --- $9660 4. 3 4 2 1 1/4 'A 4

250A-2C .010 ,2 0 40 '/I 4D % V 9770 , -- 101.70 422 3 4 2 1 11r, 'A 4V2

350A-IC .012 '=° 15 55 1 1, ', ', 124 20 " - - 129.30 524 4" 5'. 2'- 1 2'1,1 'A 11V2

350A-2C .012 /' 25 110 1 1'. ' 13590 " -- 140 10 524 4'.. 5". 2'. ll 2'%, V/ 111

I,, Iv.500A-IC 015 "2 35 155 1 2' ' , 23500 i' .'., -"- 4130 628 4'; 7'- 4 1i 3 1 27

1is, l i3

t 65 310 1% 2', " 24830 h,'. 254 60 628 4'- 7', 4 1% 3 'A 27
1e

" 1'.!, 1',.

700A 1C 020 "' 85 420 2T 3' 1 1 42A 70 
'  

, 427 90 828 6- 91. 6 2% 3% 1/0 69

"[1 I'.., 1"..

700A.2. 020 165 800 2/, 3Y' 1 1 44420 1''. -- 45200 828 6. 9'. 6 2% 3'%. 'A 69

'Couling Sprocket Minimum Plain Bore
'Torque Limiter only, Includes one (1) setscrew

• orkng c..liryrp ,or ,;,'" L;1' ";'-- . -. '";::, bor- kPyway or setscrew
P

______ ________QUANTITY 1-49 ___1

-- TORQUE LIMITER COUPLING SPROCKET

Model Rebo'e Keyway iAdd'i Setscrew ' Rebore. Keyway, and Setscrew
No. et-Up M . *-. ----- .-- p -.. '(No reduction for omitting any of these features)

ICh, hhair e h ' arge Lh Charge Charge - a hre -- StUpCharge Tru iie opil

-50A-1ci $7.50 359.70 .85- 359 70 I $1 35, $59 70 $ 670 - . $121 75 Sprocket Standard Bore Tolerance /s

250A-2C $97.8 57 15 M7 0$27
" -- ' -- ---- ,.. -.. . .. '/2 to , +.0015-.000

9.50 9.70 100 59.70 2,00 59 70'- 11 12175 O 00 -.00
....-----. ~------- .And Over .1-.003 -.000

-50OA-IC. 10.50 5970 1.85 59.70 2 35 59 70, 13 3;, 121.75
C 70 7 3-0- 121.75

700A-2C 1 7 59.0 0 59.701 3 35 59701 24.00 117

Reworking Machining + ( Set Up Charge
Charpe (Net). ea - Charge \ Quantty Identical OUnits)I
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Floating Disc,
Automatic

STANDARD CAMS

SIMPLE, EFFICIENT, "BUILT-IN PROTECTION"
FOR POWER DRIVEN EQUIPMENT

The Maxitorq Overload Relerise Clutch has been designed
for applications where it is desired to protect a machine
and its products against damage resulting from accidental
overloading of the mechanism. This type of clutch promises
freedom from costly shutdowns, resulting in substantial
savings to the user.

When overload occurs, the clutch automatically releases,
stopping the machine and preventing damage. When the
jammed condition has been cleared, the clutch is reen-
gaged and the machine is again in operation.

oil1 The overload release clutch is specifically recommended

for applications where the nature of the overload will be
either a heavy shock or a suddenly applied load of a

[- magnitude substantially greater than the normal driving
load. Jamming and clogging of the mechanism, imposing
as it does a severe shock on the driving components, is

characteristic of this type of overload. The clutch will perform most effectively under these conditions. Protection from such
an overload, in the past, has usually been accomplished by the use of shear pins. The overload release clutch is not recom-
mended for applications where the overload will be but slightly greater than the normal driving torque.

By means of a simple finger-tip adjustment, the clutch cain be set to transmit the normal running load for a particular
application. It automatically disengages when an overload occurs, and positively slips into neutral.

DOUBLE CLUTCHES. The oerload release feature can be incorporated on double clutches on special order on either one
or both ends.
NOTE: Maxitorq Clutches as furnished can run dry or In oil. We specifically recommend Series A oils. If high gear loading or worm and wheels
are adjacent to the clutch and Indicate extreme pressure additives that would reduce clutch torque, please contact the factory for recommendations.

SPECIFICATIONS . . . CLUTCHES NOTE: Dardelet self locking full dog point set screw must bottom in spotted hole in shaft.

Static Std. Body Bores IHP Slip Axial .001 Throw
Clutch (yt Dynamic Point Sleeve m o INo. 100 Torque Torque Pressure

RPM Ft. Lbs. (Approx.) Lbs Keyw A B D J K L P O
Ft. Lbs. Min. Max Max.

20 1 10 7 14 15 ,1 V. 2
A.Pin 21/ 2 , /s 375 / 2 / i& 3'/ 1',i 

1', 6

21 / 13 26 20 / /s 
1
4 x 3/ 2 1%: 3 % .500 ' . 21/ 1/ 3 1/ i/i 14I4

22 V2 27 54 30 1 1s /x 3 3 ,16 500 I ' 25 4 5/ 3 " ' ;'16

23 1 453 106 30 1' 1 / ,Ax 1/ 3 A ! '?'32 625 1"t4 3 1,4 314i 45/ W 2 ,t

24 13/ 92 1A 40 1/ 1 , X 4 A/ 4 ' I "1: 625 1"t4 3.'. 54 5 .4 1 2' t,.

25 3 158 316 60 /1 V 1 31 x , l/ o 's': 1 4 ,5 "t6 3k4 .750 1s m, 4,,, 61" 5, / 1. 2- s2

261 526 80 2 2 'A 1x7i2 5151 5 6 7501 6 14 2

27 o10 525 1,050 105 21/2 2 34 'i x 7%' ,1" 6 J/ v 812 1 1/. 6 / I1V / 9'/, e i, 3 /

28 15 788 1,576 I50 _21/4 3 "--16 it 8-/ i s 8 2 11.: 11 1/ 1 1a 16 3 *.I Io' 6t . 1 - .. . .I -...10'! .s .. ..
'Dordele! jet screw.



OVERLOAD RELEASE I

CLUTCHES
INVERTED CAM TYPE for single
registration enabling register.
ing two shafts to a specific
relationship.

*Keyway to suit conditions.
Bearings-Spacer-Retaining Rings,
Adapter furnished by customer.

DRIVING RING CUPS plete installation. If this latter course is desired, preliminary
FOR OVERLOAD RELEASE CLUTCHES drawings, a complete quotation, assembly instructions and

* Overload release-type driving ring cups are the means by recommendations will be provided.
which the overload release clutch is connected to either the
driven or driving member. SHIFTERS

Ring cups are accurately machined and finished ground. Special overload release shifters are available for clutch
All working surfaces are heat-treated. The hub or cut-off sizes 20 through 26. Shoes and studs are available for all
coupling type adapter is furnished by user to suit instal- sizes including 27 and 28 for riveting into shifter yokes
ration requirements. designed by the customer. The user can, if desired, incor-

Because of the unusual cam construction, it is recommended porate a limit switch in the power input line. This switch is
that we furnish overload release-type driving ring cups as operated in conjunction with the clutch shifter sleeve to
well as the clutch. We are equipped to make them correctly open the circuit when clutch release is effected by the over-
in reasonable quantities. Through an associated company load. Maxitorq Overload Release Clutches may be used on
we can provide a package incorporating the Carlyle John- a continuous shaft, or as a cut-off coupling type for con-
son clutch unit and other components required for a cam- necting two shafts.

OVERLOAD RELEASE CLUTCH DRIVING RING CUPS AND ADAPTERS
Clutch s soe I R _ G M 

- -Cup D No. of

Screw Drilled Thru 0 °  N
Size Holps Holes -_- - I - - - . -., , 10 g

0 3.125 2.017
3,123 2.015 1 3 2 1 2 0

21 / 3.125 2.015 ' 14 3 2 Js 1200

4,623.22 267 I 6. X 11 W 3 3!,4 1200

23 Z 4.623 3.265 1 3% 52i7
- F 5.125 3.767 1 , !J I 10 ,

U V5.123 33.7610 t3II
1 25 D 6. 23 4.5 6.125 4.517 ,!,2 4 900

'2 i u . 6.123 4.515 - 5K

2 0 7.125 5517 1'~553ll 027 0- 2 - I ]' A 'f 6 6 600 %

1 147.120 5.515 1 % 6 6' 0

9.125 7.0157
27 1

10.125 7.017 . 6
28 22, 3 10.120 8.017 2 , 6 9 1 60" I

• $olI circle
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Bulletin No. 58

MAINTENANCE AND ADJUSTMENT
OF

MAXITORQ CLUTCHES

The Carlyle Johnson Machine Company guarantees Maxitorq
Clutches against imperfactions in materials and workmanship. To
assure good service the clutch must be kept properly adjusted and
maintained. We offer the following bulletin as a guide to better
clutch performance.

STANDARD CLUTCH ADJUSTMENT

The clutches are factory adjusted, yet, the machine builder
may make A further adjustment to suit his particular requirements.
During the run-in period of any machine it may be necessary to take
up the adjustment due to initial wear-in period. To make a change
in adjustment, lift the lock spring and move the adjusting ring one
notch at a time. These notches can be seen on the outside diameter
of lever retaining ring inside of the adjusting ring. Be sure to
replace spring after making adjustment. To adjust the split type
ring loosen the cap screw and rotate not more than 10 degrees at
a time, making sure to tighten the cap screw after each adjustment.
Contact the machine builder if the desired results are not obtained.
CAUTION: Be careful not to over adjust the clutch. This condition
does not allow the discs to separate sufficiently in the neutral
position, causing loss of freeness, excessive wear, and possible
breakage of the separator springs.

OVERLOAD RELEASE ADJUSTMENT

First back off the adjusting ring until the clutch will
immediately throw out when power is applied. Then slowly take up
one notch at a time. If the split type ring is used, do not turn
the ring more than 10 degrees at a time. Apply the power after
each change until the clutch will just stay in engagement. To
over adjust means that too much overload must occure before the
clutch will disengage itself. If the user wishes to protect for
light loads, then a careful adjustment must be made. Under this
condition, it is possible to adjust sufficiently to carry the load,
but minor variations of torque will cause the clutch to slip by
small amounts until the cams interfere and disengage a few times
a day. It is up to the user to decide the degree of protection
most suited to his particular application. Care must be taken to
keep all disc surfaces clean to assure that the adjustment will
remain the same. NOTE:-If a variable speed drive is used, the
adjustment must be changed i" the speed is to be changed.
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WET CLUTCH: (All steel discs)

This clutch should always be run in oil. Periodic checks

should be made to make sure oil is clean and free from carboniza-
tion. Depending upon the usage, gear boxes should be drained,
flushed out and new oil put in on a scheduled basis. NOTE:-
Special low speed applications that have been approved by the
factory to run without oil should be maintained like a dry clutch.

DRY CLUTCH: (Alternate steel and bronze faced discs)

This type of clutch has been designed so that the disc unit
may be run as a dry unit without lubrication. It may also be run
in oil. It has been the experience of the factory that carboniza-
tion will form if oil heavier than 200 viscosity is used. Heavy
oil also reduces the freeness of the neutral position due to the
hydraulic shear value of the oil and at the same time increases
the working temperature as well as reducing the torque value of
the unit. A clutch that is running dry and usually unprotected
from all forms of contamination must be cleaned at regular
intervals to assure proper operation. Unless the clutch unit is
badly corroded, it is generally unnecessary to take the unit apart.
Take an oil can filled with any of the commercial solvents and
work the solvents down through the disc assembly and into the
lever and cam system. The discs are readily accessible if a milled
type cup is used. If our ring type cup is used, it is necessary
to work the solvent in through the milled slots under the shifter
sleeve. This milled slot runs the full length of the body and

will carry the solvent into the disc assembly. On a single clutch,
it may be necessary to use the finger to dam up the back of the
milled slot on the shifter sleeve end of the body so the solvent
will run into the discs instead of out the back end. When you
have worked a sufficient amount of solvent into the clutch, start
up the machine and engage and disengage the clutch to free up the
unit. Repeat this procedure until the clutch works correctly.
If this method fails, then it will be necessary to remove the clutch
from the machine---disassemble and clean thoroughly. Before re-
assembling the clutch, study the exploded view and the following
description to be sure' the parts are put back in the right sequence.
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HOW TO DISASSEMBLE THE CLUTCH

Place the clutch as shown in figure (1).
Looking down on the clutch as in figure (2), raise
lock sring, rotate adjusting ring in a clockwise
direction until the face of adjusting ring just
begins to draw away from the adjacent irner disc.
Press down on the end locking plate until it can be
rotated 60 degrees. This will free the bayonet
lock and allow the end locking plate to be removed,
followed by the discs, separator springs, thrust
collar, adjusting ring, and levers. Unless the
shifter sleeve or wedges are damaged or worn, it

./ ,\ is not necessary to remove the lever retaining ring
which is pressed on the body. Make sure that the
lever retaining ring is pressed squarely up against
the shoulder onto which it is pressed. Thoroughly

- clean all parts and reassemble, replacing any worn
or damaged parts.

A-6 HOW TO REASSEMBLE CLUTCH

Place the thrust collar on the small diameter
of the body w.ith the three milled slots facing
toward big diameter end. Rotate the thrust collar
so the milled slots line up with the milled slots

in the body. Place as shown in figure (3) assembling
a lever in each milled slot in the body. Then with

the fingers--raise thrust collar and levers up until
the round head of the levers is in the circular

J recess in the lever retaining ring, as in figure (4).
Now turn the unit over and screw on the adjusting
ring as in figure (5) until the face of the adjusting
ring is flush with the face of the thrust collar.
Putting a light pressure on the face of the adjusting
ring with the thumbs, engage the shifter sleeve with

the fingers to be sure that the lever system is
..... working correctly. Put on the first disc, making

sure you have chosen a disc with the lugs on the

inside diameter. Next add a separator spring, then
4 a disc with the lugs on the outside diameter. Continue

to jssemble the discs in this manner, if steel and
bronze discs are used, until ten discs have been
assembled for the #21, #22; twelve discs for the #23,
#24, #25; fourteen discs for the #26; sixteen for
the .2?, and eighteen for the #28 clutch. When all
steel discs are used, twelve are required for the
#21 and #22; fou-teen for the #23, #24 and #25; and
sixteen for the #26.

continucd next pag.

20



Next assemble the end locking plate b matching up the milled
faces on the end of the clutch body. Press lock plate against
discs and rotate it. Release the hand pressure and rotate until
the plate snaps into locked position. Take up on the adjusting
ring until there is a distinct snap when the clutch engages.
This is considered to be a normal clutch adjustment.

SUGGESTED MAINTENANCE PROGRAM FOR DRY CLUTCHES

Field experience has shown that a schedule of periodic
flushing with kerosene keeps the clutch discs in good condition.
At the same time, kerosene carries a light lubricant which is
absorbed by the porous structure of the powdered bronze facing.

The shifter sleeve should be lubricated where it slides on
the body as well as the lever ends that come in contact with the
wedges in the sleeve. A light oil, perferably No. 10 or 20 motor
oil, is suggested at these points.

The shifter shoes in the sh.1fter sleeve groove wear better
if "Lubriplate" or an equivalent grease is used sparingly. See
diagram below---

- 0/4.

Experience will establish how often this program should be
repeated to give best results.

S-2]



BULLETIN No. 52

FOR MAXITORQ MECHANICAL CLUTCHES
Locking Plate Locking Plate

-• Standard

Outer Disc Outer Disc

Separator Spring Separator Spring

Inner Disc Inner Disc Standard

K.4  
J Balance Of Inner

Sepaato 
SprngsFlange 

Cup

Balance Of Inner An Oter
And Outer Discs With And Outer Discs With

Separator Springs Separator Springs

C L_-A DShifter 
Shoe

Lock Spring Lock Spring

SShifter Shoe Stud

Adjusting Ring Adjusting Ring

Thrust Collor Thrust Collr Standard Rla
overload Release

Levers ,]Ring Cup

Levers Levers

Lever Retaining Ring Lever Retaining Ring liI'

Single Sleeve Double SleeveClutch
With Wedges Wihsembly Wih
Riveted In Uiveted In Overload Release

:., Sleeve

Body Set Screw Body Set Screw

Single Body Double Body With
Parts Shown Assembled
On One End Only

FOR ORDERING - SEE OTHER SIDE 22
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READ THIS before ordering parts
Each part listed is identified by a part code number which serves as a reference to enable our Parts Department to interpret your
requirements. Because the list covers more than one size clutch, it is of utmost importance that you specify not only the part codenumber and name of the part required, but, also the CLUTCH SIZE AND SERIAL NUMBER (stamped on O.D. of Sleeve), and whether
for SINGLE, DOUBLE or OVERLOAD RELEASE TYPE CLUTCH.

Some Maxitorq clutches contain parts which have been modified to a machine builder's specification, such as special clutch bodies
and driving cups which can only be identified with serial number.

The above information will help us to better serve you and will, thereby, avoid delays and expense occasioned by idle equipment
when our Parts Department is obliged to wire or write for serial number or other information.

STANDARD SINGLE CLUTCH

Part Code No.
103 Single Body (specify bore and keyway)
104 Single Sleeve (complete with wedges)

105 Adjusting Ring
107 Wedges
108 Thrust Collar
109 Lock Spring (specify width)
110 Levers
111 Lever Retaining Ring
112 Outer Steel Disc (specify quantity)
112-2 Outer Bronze Faced Disc (specify quantity)
113 Inner Steel Disc (specify quantity)
113-1 Inner Bronze Faced Disc (specify quantity)
114 Separator Springs (specify quantity)
115 Locking Plate
116 Body Set Screw

STANDARD DOUBLE CLUTCH

Part Code No.

101 Double Body (specify bore and keyway)
102 Double Sleeve (complete with wedges)

All other parts same as for Single Clutch

STANDARD OVERLOAD-RELEASE CLUTCH

Part Code No.
104-1 Single Sleeve, Overload Release type

All other parts same as for Single Clutch

STANDARD CLUTCH ACCESSORIES

Part Code No.
106-4 Standard Ring Cup
106.6 Standard Overload Release Ring Cup

Standard Flange Cup MN
117 Shifter Shoes
118 Shifter Shoe Studs 4

HOW TO ORDER
Specify part code number, description, clutch size, and serial number. For example: .

I PART NO. 103, SINGLE BODY, 1 " BORE,
'A" x s" KEYWAY, NO. 23 SIZE CLUTCH,
SERIAL NO. 1 01562.

THE CARLYLE JOHNSON MACHINE COMPANY
MANCHEST6EE, CONNECTICUT, 06040 $ Re,,. Side

SM.$.76 IRS PNwed in U.S.A.



4. POSITIVE TYPE TORQUE LIMITERS

4.1 After reviewing all the different types of mechanical

friction type clutches as requested and not finding a

design which offers better features than have been

previously used on existing vertical conveyors, it is

apparent that other types of torque limiting devices

should be considered at this point.

4.2 Spring loaded ball or key detent, positive type torque

limiters which disengage, rather than slip, at a pre-

determined setting, are becoming more available and

competitive in the commercial field of power transmission

and offer a variety of new and different features which

will be presented and evaluated in the following portion

of this study.

4.3 The different makes and designs which are presently on

or about to be placed on the market, that will be reviewed

at this time are, Autogard, Rite-Torq, Form-Gard and

Helland Torq-Tender.

4.4 With the torque limiter location established between the

motor and reducer, an allowance for starting torque must

be made for a positive type unit since there is no

slippage. The selected torque range should have a

minimum adjustment of 50% above and below the calculated

operating torque required. The overload tripping torque

setting should be at least 40% greater than the operating

torque to prevent the torque limiter from tripping on

start up.

(23)



4.5 To provide closer overload protection of 110-115% of

rated full load, an electrical overload device to

monitor the power circuit is required to supplement a

positive type torque limiter.

(24



4.6 AUTOGARD TORQUE LIMITER

4.6.1 The torque limiter recommended by Autogard for vertical

conveyor operation with a motor cutoff switch is shown

in Figure (7), drawing #AAC-206N/ACT/2/03.

4.6.2 The #2 size unit selected for this application, incorporates

a torsionally soft coupling with a single position reset

overload release, having a torque range of 20 to 1451

lb. in. (1.67 to 121 lb. ft.). Three different coil

springs are required to cover the above torque range for

3 thru 10 HP drives.

4.6.3 The elastomer elements of the coupling half are made of

"Perbunam", a synthetic material which is oil and chemical

resistant and will operate satisfactorily in a salt laden

atmosphere with an ambient temperature range of -25° to

+1750 F. The coupling will allow a maximum shaft mis-

alignment of 00 -24' angular and .032" parallel.

4.6.4 The "ACT" type overload unit uses (3) " diameter balls,

each located on a different radius so that two (2)

revolutions ot movement are required to reset the unit

after disengagement, thus cutting down on the wear rate

when compared with the "AC" type unit, where the (3)

balls are located on the same radius.

4.6.5 The torque limiter is bidirectional and will reset

automatically. At the point of disengagement from an

overload, the cutoff switch shuts off the motor and

allows the brake to set on the reducer or load side of

the drive. During the short period of time that the

(25)



brake brings the conveyor movement to rest, (normally

4 to 6 revolutions of the reducer input shaft). The

motor will continue to rotate and shift the detent balls
i thru the reset position until the motor inertia drops

below the overload trip setting which will allow the

unit to reset.

4.6.6 Other features are:

(a) Limited torque adjustment above maximum specified

setting by using calibrated spacers beneath the

spring.

(b) Thrust bearing equipped with grease fitting for

lubrication.

(c) Torque setting accuracy 10% of setting.

()Standard finish is black oxide. However, unit can

be furnished cadmium plated.

(e) Using an adapter on the overload half permits

coverage of maximum bore requirements.

4.6.7 The operating speed of 1750 RPM is beyond Autogard's

normally recommended limit of 600 RPM. However, they

feel the unit will provide satisfactory service and

their normal parts and workmanship warranty will not

be affected by the operating speed. Autogard's after

thoughts recommend that a test under simulated operating

conditions be mad- to verify the above statement. They

also advise the use of a brake on the motor side if

possible.

(26)
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"0WUE RANGE 20-1451 LB IN.
DFENDING ON SPRING INSTALLED

MAX, ANGULAR MISALIGNMENT 00-24I
MAX. PARM.LLEL MISALIGNMENT .032.

.).K / t -.,- -

SECTION i~
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AMERICAN AUTOGARD CORP.
P.O. BOX 386

MENOMONEE FALLS, WISCONSIN 53051
PHONE: (414) 251-0085

TELEX 26795

INSTALLATION AND MAINTENANCE DATA

AUTOGARD TORQUE LIMITER

BALL TYPES
FIG. I WARNING: The ratcheting action which occurs with the

..uTeR PATH "AC" ball types can be damaging to the unit. Use of the

- "AC" ball type is not recommended when:

1. Shaft speeds exceed 100-200- RPM or

CAM K. ,2 2. Unit will run, disengaged, more than 5-10 seconds.
0Consult factory for assistance if these factors cannot be

avoided because certain steps, such as operating the unit in
-AF" DRIVE PLATE WITH CAM -AF

" ENGAGING PLATE oil, can be taken to avoid damaging the torque limiter.

TYPE "AF" (FREEWHEELING): Figure I
This ball type consists of balls held in ball seats, located in
the drive and slide plates. A 3, 6 or 9 lobe cam attached to the
drive plate rolls the balls to an outer path when a torque FIG. 3
overload occurs. The balls then roll without encountering
ball seats. A plate with elongated slots permits engaging the
unit by guiding the balls back into the seats. ,

ACT CAGE PLATE 0

FIG. 2 BALL SEAT

0

0 TYPE "ACT" (single position reset): Figure 3
The "ACT" ball type automatically resets each time in the

"AC" CAGE PLATE "AC'" DRIVE PLATE same position for drives requiring synchronization. The balls
are scattered on different diameters so that when an

TYPE "AC" (CLANGER): Figure 2 overload occurs the balls must return to their original
This ball type differs from the "AF" type in that the balls are positions before they re-seat Engagement will occur after
not carmed outward during a torque overload. They roll at two revolutions in either direction.
the pitch diameter of the ball seats and drop into the seats as
they are encountered. This re-engagement is quite audible
(hence the reference to the unit as a clanger). In the "AC"
ball type. there is no cam. The engaging plate is replaced by WARNING: The same restrictions as for the -A("' type
a slightly thicker cage plate which assures that the balls are alwe apply, except that the "ACT" type may tun at speeds
held in proper position. up to 41N)61M) RPM.
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12 4 3 6 11 9 10 11
By customer]

Mounting with tapered bushingFI.

FI .

Mounting with bls

bo~tsMODEL 201

TABLE 1I ___

SIZf) Dimension "U" ,MI Dia.

jLIST OF PARTS COUPLING PARTS
1. HUB 7. SLIDE PLATE SEE PAGES5 1 5 '32 1in. 1 -1 4 in.
2. NEEDLE BEARING B. LIMIT SWITCH PLATE 2 5 16 2
3. RV LT A -PCR 13 COUPLING HUB (MODEL 204) 3 5 16 2-1 '2DRVEPLTE& AM 9.SPCES14 COUPLING HUB (MODEL 205) 4 13 '32 3-1 24. ADAPTOR (MODEL 201, 10. ADJUSTING NUT 15 ADAPTER (MODEL 205) 5 125
5. ENGAGING PLATE 11. SPRING I6 COUPLING HUB (MODEL 206N) 5 1'
6. BALLS 12. SPROCKET OR PULLEY I7 ADAPTER (MODEL 206N) When unit iS Iful ly engaaed.

12 3 5 11 9 10 1

MODEL 202

FIG. 5

2 6 729



PRIOR TO INSTALLATION ROTATION OF DRIVEN PLATE

1. Mounting Sprocket or Sheave onl Model 201.
CW SLIDE PLATE CW DRIVE PLATE

A. Mounting with tapered bushings (taper-lock; Q-D; CCW DRIVE PLATE CCW SLIDE PLATE

Sprockets, sheaves and timing belt pulleys may be /

mounted directly on Model 201 Autogard by using

taper-lock bushings. Select a sprocket with a bushing

to fit "M dia." of the Autogard (Fig. 4). No key is used @

with these bushings when mounting on the Autogard. BOTH VIEWED FROM SPRING SIDE FIG. 6

Be certain that the bushings are properly mounted and
tightened per the instructions accompanying each 3. Number of blls:

bushing. Thoroughly clean all grease and oil from "M Cheek to see if the proper number of balls are in the unit per

dia." with solvent prior to mounting the bushing. Table 3. When changing from a coil spring to a disc spring, it

NOTE: Check that adaptor and bushing assy. is free to will be necessary to add balls. The balls are standard ball

turn on hub after bushing has been fully tightened. bearing balls and can be obtained from distributor.

B. Mounting with bolts:

Sprockets, flat sheaves, etc. may also be mounted on TABLE 3
Model 201 Autogard by bolting as shown in Fig. 4. NUMBER OF BALLS
The adaptor, item 4, must be removed for drilling and

tapping the mounting holes (Table 2) if they were not SIZE DIAMETER
ordered with the unit (see Disassembly Procedure SIZEDDIAMETER COIL DISC COIL OR
page 7). SPRING SPRING DISC

SPRING
Attach sprocket, etc., onto adaptor prior to re-
assembly and inspect to insure that there are 1 3
no i)rotrusioins inside the adaptor which iight

interfere with the huIb. The unit may then h, 2 3 3 3

reassembled for use. 3 'z 3 6 6

4 3 6 6

2. l)irection of the slots (".AF" Type): S___3 9 9
The directi(n of* the slots in the "'AF" engaging
i)late has no effct on the tri)pi1g actionl (If the .1. Proper spring:
torque linfiter. T'1he .\it6gard will trip in ltoth direct-

Check to see that the spring will provide the desired range toions nzo niatter which way the, slots point. Tlt,

directions of the slots can he inlllrtant ill resetting release torque (Table 4). DO NOT TIGHTEN THE SPRING

when neither side of the drive call h Im||lally BEYOND ITS MINIMUM OPERATING LENGTH (with the

advanced or can Ix- advanced ill one direction onilv. torquelimiterengaged) orthe springwill not allow sufficient

A siinple bench lest will show the pmper assvI,||)Il movement of the slide plate to let the balls leave their seats

Ifur a particular drive. If a bench test is not feasible, during an overload. Damage to the machinery or to the

figun' (i will show proper assevnblits. Autogard will result.

TABLE 2
RECOMMENDED HOLE PATTERNS ARE AS FOLLOWS:

MAX. BOLT
AUTOGARD NO. OF BOLT ENGAGEMENT BOLT CIRCLE SPROCKET aORE

SIZE BOLTS* SIZE IN ADAPTOR DIAMETER

1 6 ::8-32 .267 1-5 8 1.252 1.253

2 6 :,8-32 .194 2-3 8 2.002 '2.003

3 6 I 4 x 20 .360 3 2.502 2.503

4 6 5 16 x 18 .479 4-1 8 3.502) 3.5035

5 G 3 8 x 16 .610 5-11 16 5.0025 5.0035

*Bolt holes to be equally spaced on bolt circle diameter specified. Care rust be taken not to drill into other moutinph holes in the adapiior. 30



TABLE 4
SPRING TORQUE RANGE MIN. OPERATING LENGTH

TYSI E- CODE COLOR QTY. STACK AS LB. Wl. KG. M. - IN. MM.

coil IC/I white & red 1 fig. 7 20-250 .23 -2.8 .95 24.2
1 coil 1C/2 white & green 1 fig. 7 10-130 .12 - 1.4 .93 23.6

coil 1/3 white & yellow 1 fig. 7 5-60 .06-..69 .74 18.8

disc 2D/1/S blue & black 6 fig. 8 500-2000 5.7 - 23 1.00 25.4
coil 2C 11 blue & red 1 fig. 7 120:650 1.4 - 7.5 1.08 27.82 coil 2C/2 blue & green 1 fig. 7 50-400 .57-.4.6 1.05 26.9

Acoil 2C/3 bile & yellow 1 fig. 7 20-130 .23 - 1.4 .98 24.9

disc 3D/l /D brown & black 8 fig. 10 1400-6000 16.1-- 69 1.15 29.4
disc 3D/i/S brown & black 6 fig. 8 600-3600 6.9 - 41 .88 22.3

3 coil 3C/1 brown & red 1 fig. 7 400-2500 4.6 ' -28 1.55 39.7
coil 3C/2 brown & green 1 f ig. 7 100-1200 1.1 -13 1.49 38.0
Coil 3C/3 brown & yellow 1 f ig. 7 40-500 .46 - 5.7 1.46 37.1

disc 40/1/S orange & black 5 fig. 9 2400-10,000 27 - 115 1.25 31.8
4 disc 40/2/S orange 6 fig. 8 1200-7500 13.8 -86 1.28 32.5

coil 4C/1 orange & red 1 f ig. 7 250-2800 2.9 - 32 2.00 50.8

disc 5D/1,'S grey & black 6 fig. 8 5500-22,500 63 -259 2.38 60.4
5 disc 50/2/S grey 6 fig. 8 3000-20,000 34 -230 1.97 50.1

coil 5C/i grey & red I fig. 7 350-3100 4 - 35 1.75 44.5

FIG. 7 FIG. 8

FIG. 9 FIG. 10

;.Calibrntigon sixitrs: of, Ihv' laili ill I Iii livid. 'I'uiv ii l Ii nn st-gint'iiI

('Oihration 53W'('rs pvirfomi tlw* liia:(t ions: is I'm Ilhi ininumti Iviiglli ol' I ll( spriing lIt-iug

-f. MEIIII IxIji)Kr stmcking of disc- springs. ii'(I FIns s(-tjiitii -Juiuld luit Ixh riio tvdt.
VI au Iigli'r rt-lit-ast, loriluu is rv~iirvd. ii' v a
sI ri )ilg(r s pri ng~. I'i s shipe 111Wi rti i Ilhiv fin Ii 'r

I ~ I'rvt't auuua Ii i ~.e Iiglul'ntiig #of' I lie ;t~id'-.sl g .s -I at Ia s~x-vi fit-c oit ivi irq. iis i i m - i .tTIi i
situ: - ~will allow~ adtlisluiviii lo) ailuil 12.-)'.. ofl Sit st-t

'niti hraioin slxitvi-rs ;sri' noirmally IV51 suphf Ii ed ti iv IN-'iv rt * nl-iI of* megunt 'ni IN'It mit-s
st-vertil .-.t-gmEmnts l) 11lo1w uipwilrtl autmenhi t uut'vesstiry.



6. Lubrication: 2
rhe ,(leI, bearing, plate faces and balls shoul MODELS 203., 204, 205, 206N
w whe ll lubricated with a good grade grease, FIGS. 11, 12, 13, & 14 Below

equivalent to specification MIl!,-G-3545-1.'
Mount the torque limiter hubs to the shafts same as per

:A grease iil)plt is provided on units large'r than instructions for models 201 & 202 on this page. Table 7
size I to allow greasing of' the needle hearings, shows the maximum allowable misalignment for
SA, 30 oil is to Ix, used on size I which has an optimum unit life. See pg. 2 for parts list. Parts
oiling hol, instead of. a nipple, numbered 1-11 are same for all models.

INSTALLATION

1 Models 201 & 202
Figs. 4 & 5, Pg. 2 TABLE 6

Gap between
MOUNTING THE AUTOGARD TORQUE LIMITER ON Allowable Allowable hub and

Angular Parallel adaptorTHE SHAFT Model Size Misalignment Misalignment Min. Max.Mount the torque limiter by engaging the hub on the shaft. 20S* 1.5 0
The unit may be moved axially on the shaft to a degree to 204 1.1. 0 0
obtain proper alignment of the sprocket or sheave with the 205 1 .5 deg. 0
chain or belt. The mininium acceptable shaft engagement is 2 .5 de. 03 .5 dog .1 times the shaft diameter. Tighten the set screws fully. 4 .5deg. 0
Recommended torque values for set screws are shown in A .A deg. 0
Table 5. N .5 dog. 0

206N 1 .4 deg. .016"* S/6A* 5/3r'
See pg. 2 for parts list. 2 .4deg. .016" 5/64" 5/32"3 .4 deg. .016" 5/64" 5/32"

4 .4 dog. .032" 5/64" 1/4"
5 O.8deg. .032" I/r 5/ I"

TABLE 5
SETSCREWESIZE 10 1 '4 5'16 3 '8 7"16 1 2

SIZE

SEATING
TORQUE 33 87 165 290 430 620INCH! LU.

13 14 IS 16 17

L.

MODEL 203 MODEL 204 MODEL 205 MODEL 206NEd FIG. FIG, 12 FIG. 13 FIG. 14

For model 203 the driven member is supplied by customer.
If used for offset drive the pulley, gear, etc. must be mounted
on its own bering. 32



LIMIT SWITCH OPERATION:
Limit switches are easily used to give a warning or shut down
a drive in the event of a torque overload. The limit switch is
actuated by the movement of the slide plate (or the limit
switch plate when used). See Table 7 for guidelines. Always
use limit switch with "AC" and "ACT" types.

Pilot Light or Warning Device

To Power Source

FIG. I1I
jmt Switch

Movement Ball plate Plate Motor Starter Coil
Size on break 'X' die. 'D' die. 'E'

(inches mm) (inches mm) (inchesm)
Pilot Light or Warning Device

-095 2 3112.4 51 83
-173 3j 51 To Power Source

24.4 89 740

173 4j 61
34.4 708 165

209 51 8 Stop P.B. Limit Switch
4 5.3 749 1 203 Start P.6.

-248 8 10 _0 0

5 - 03 24jCo il Holding Interlock FIG. 12

TABLE 7
RATING

VOLTS AC AMPS CONTACT
MANUFACTURER CATALOG NO. MAX. MAX. ENCLOSURE TYPE

ALLEN BRADLEY 802R-DF 250 5 NEMA 12 SPOT
ALLEN BRADLEY 802T-D 600 10 NEMA 12 SPOT
GENERAL ELECTRIC CR9440 KIMI 600 10 NEMA 12 SPOT
GENERAL ELECTRIC H01308 575 10 NEMA 12 SPOT
MICRO-SWITCH 5LSI 480 10 NEMA 4 SPOT
MICRO-SWITCH 15LSI 240 10 NEMA 4 OPOT .

MICRO-SWITCH B7ZE6-2RN80 480 15 NEMA 2 SPOT
MICRO-SWITCH OP-AR30 480 15 NEMA 4 SPOT
MICRO-SWITCH .EX-AR30 480 15 NEMA 9 SPOT
MICRO-SWITCH 205LSI (PtUG IN) 480 10 NEMA 4 SPOT

ALLEN BRADLEY 802-PASJ203 600 5 OPEN SPOT
GENERAL ELECTRIC CRI1SJB0201 575 10 OPEN SPOT
MICRO-SWITCH BZE6-2RQ8 480 15 OPEN SPOT
MICRO-SWITCH BZ-RW922T 480 10 OPEN SPOT
MICRO-SWITCH BZ-2RQI8T 480 15 OPEN SPOT
CUTLER-HAMMER SUETIO-1021-3 2!,0 15 OPEN SPOT
CUTLER-HAMMER SS12BT10-t02L3 2S0 10 OPEN SPOT
CHERRY E23-OOK 2!5n 5 OPEN SPOT
CHERRY E33-OOK 25 0 t0 OPEN SPOT
CHERRY E34-OOK 250 15 OPEN SPOT
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INITIAL STARTUP 1%, verticalI or t he readling will he afilected IkNv the
P~rior to startup), examine unit to assure it is engaged, annl weight. ('rh ll ote thle load oil the
i.e., bll s are seatedI fblly iii IlXth plates. When filly spring scale at which thle unit tripls. The

engaged, dIimens ion beitween the drive plate and slide cI )l'e5 1m)1i iig torquiie is th is load( mlltipl ied l)N
p~late is jwr Table 1. thet l engt h of' thle arin (-IL" ) measu redl to the

pointi of' pull. AdjuLst the( posit ion of' the adjust-
in g nuit Lunt il tie( correc t torque setting is
reachied. Do o t .on fulse I ). inchies and lb). fe'et.

Obtain the initial tortque settinig lky ane of' tile fi01ow WI~Vhen workinig in lb). inches it is convenient to
ing methods: make tile ann 10'' so that the load inl poundics

1I. Setting torque wihui ntle:x 10 ) torque in lb). iiiches. Similarly, when
Start upl the drive with a low torque setting working in lb). fleet, anil arm of' I fiot willI give

ind prigures13.vly spigtng scae idstulle util tsrn eteraig ietyil13

thed uwithu trip ng Ta eak taitin aoqu sFrhgoruw it-lre nisalne

2.Tstayplkeing thwpllonth spring scale aAUIdN leoe no ihtnsring (maync itsnt e tficoy

oit90* the arndkeep thrie sdinnoxte-n cmpiumessedii leingthio to Tiasble an

TESTIN to tRQe ST ING PULLr SMOTHL iNs DIREC dutto a ent pneseblootin

TESTIN & TORUE SETING PLLSCORETHL N DIECRO

LOAD INSNN THLLVR IVS

- --~ DUMMtY SHAFT WELDED TO ARM f

VICE JAWS

FIG. 13
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RESETTING PROCEDURE DISASSEMBLY PROCEDURE

2. Itvesti ati nd V ivevt caust- cd'ov-od l-jil
:I. SH A..~i Wit'I' h sl 5itg iigh k(r~t%~wt

A. "AF" Type srn.saes iii wthpae ld
Hoat ithersideof the drive until a slot on edge of the laIte,' IIJgait)'iw late & bal...

engaging plate aligns with a slot in the drive plate. and 11. (4tI' drive' pis f1roin adto~r & clri~c' pltec.
lokthese two plates in this position with a bar in the I[. Iliinove (-itP scrt%%s and ge.Ittl.\ work dive

slt (fig. 14).

)*Iv'itiov a*c' ztch Ir varvililk* sit as4 Iot tip dlltt

FIG. 14 age lix'triuig *ait ria it1n .1).
E.. litslk'c(t till- Iaraitg sirl Ices prior~ lip rt-

assl:.111l11y andi vat'itiy IIv ilctd olit itttv

Notv thIat th-t slo ts itrt no4 t to Im' ci iltt ts with ItF. Alpply a Ii Iiiiral vi iting of .1 i gild gradec

vither sick' ii lth drivv atpproxiitteI\ Xi0 degres adaI~pto r or dri~ . plate' an itl ~tgagittg "r ciage
will give vtigir'cnteut it' lilt cort-c cli-ri i (if' utplate prii ir (41 rva~ssvinI iI
rotationi is stluctcl, (s'e. IDirectio of*1ii Slots) G. For ri-tsseittIv. rvc'r.(' stps A thit 1).
and xistI s catt Ix- hc'vtrc ito re-t'ngitg witht their
si'itt jgs qutitc' cistintly. Ittsirv that the rest-
ting ltitr is retoved bi-'iic' resettintg the- driv'. TIo
che-ck flll cltgogt'eiit. set. I'able I. NORMAL MAINTENANCE

lThe alitogarcl tditilIinier shtould h- grea.sedl ri'gttlar-
13 -AC- Type: IV w.henit lIe e'ttIlliltci 1 il whtich it is Ii itedtti is
It is likely that the unit stopped in the engaged state. int itttain4'd. Ma~tiuutnxII t lite IX'tmvel'f ittstc'ct iot' atndl
flotation of either side of the drive for a maximum of ntaititt-t('tict' is 21104) Itrs ixt'itit dir after eacht
240 degrees will re-engage the unit. To check full (Iistigatg&'ttttitt, whicda'ver is -xc'.For unuisuatl
engagement. see Table I.citli itsutit vry tih IM.titatii't

tienlm-aurlttcs, htight vilirition oir dirty eitvir'nuiti5,

C.W"I(' Type sptlcail itaiittnt'tti'lty hu rei'il'.
Rlotation of etther side of the drive for a maximum of
7203 degrees will re-engage the unit. To check full hisIK'ct ir sprocko' wear. tigltncs% ilf limiter it its
engagement. see Table 1. shtall. Iigtltcss 4,11 spr~ckit ie. att lti, I hiltte.

_________________TABLE 8

PROBLEM PROBABLE CAUSE CORRECTIVE ACTION

Autogard w~ill not drive Machine lammed Carefully inspect machine fot signs of laming, and clear.

Torque setting to tow increase torqiue setting by tightening .attistiig nut,
removing catlibration spaicer segments as nece55.lry. Do
int t:ghten beyond mintmumn spring length ;See taibic 4'.4

__________________________Use st~ongef spring or 'tiger size units if necessalry.

One or mote baits viiti not Improper num-ber of baits. Check the number of balls in the unit against tatle 3.
reset on "Ar.' banl type w Insufficient spring pressure Check to be certain that SWing is not Conmpletely loose
one or more batls wilt not leave vMhen Autogard is en?:Ieed. ff so, use -wejiket spritig or
hall Seat. smaller size Asitogard.

If £ balls are being ussed ewilli disc si~nnes. 1iv 4:1-
creaisng torque by I or 2 twins. if tis corrects problem.
redtice number of bails tn 3. If problemn contintues. .vatiped

plaitec ould be responsible. ___________

Warped plate same as insufficient spring ;wessille.

Replace Mlate. To, cintrm that prlate ir. -..u d. mn'iwct
faces vwhere tails contact. [Lilt ;%.it Shamuid Nr 'vit'Ir.
but shovid no' luave arixecitrbie depth. Sitf.os of Ilt

_________________________ __________________________ t.- be flati viltn .0012 T.;.R.
Will not rotate freely w*hien L1ck litbri(ttiion Lu?'rrte %vith rrasr' .,iiva'ent to -p'colt,i'n, tAIL.G-3.4;-t3. A god rlit pia.c har~ at; crn 1" tr;'''

Slight eccei'ii; fint 1ernal1 Lubri~.itc m.t't .ntallt ish* eo.io ii fm, :An In 30
1:eallig iirfaces. revoltii:0on.

SCrAtch onl !1111114ni .1 rri oim.s~'emt-ir and in~pi'ct. Cancesult lie.d alit altv Piemm.h-
es. Lid:' icaltc welt upon iealssemb4Iv.



4.7 Ferguson Machine Rite-Torg Torque Liimter, Ref. rig. #8

4.7.1 Rite-Torq offers a newly developed mechanical torque

limiter which is a takeoff from their AS-20 light duty

unit, using the same basic principle of torque transmittal,

with a greater range.

4.7.2 The basic unit selected for this application is a Type

"SO Size 2 unit which resets automatically with a torque

range up to 520 Lb. In. and is externally adjustable.

4.7.3 With the tripping components made from heat treated

chromium alloy steel, standard units have been subjected

to 50,000 trip cycles under design loading with negligible

wear.

4.7.4 Other features included in the standard basic unit are,

(a) Bi-directional operation

(b) All position mounting

(c) Fully enclosed

(d) Lubed for life

(e) Protected against corrosion

(f) Setting accuracy 1 5%

(g) Locking ring tab for maintaining satting

(h) Limit switch operation up to 2000 RPM

4.7.5 When a limit switch is used with a totally enclosed unit,

a trip plate must be added to provide clearance for the

limit switch actuating arm and the spring cover.

(36)



4.7.6 The clutch half -z the unit has a maximum 1 1/8" bore

and will require an adapter to accomodate the motor

bore sizes of 1 5/8" and 1 7/8". The coupling helf of

the unit must be a flexible type to allow for shaft

misalignment and also provide for a 2" maximum shaft

size on the reducer. Figure 9 shows a roller chain

flexible coupling mounted to the torque limiter, however,

any type of flexible coupling may be used.

4.7.7 The manual reset pl-n (5) shown in Figure 8 is an added

feature, making the unit more versatile. However, it is

not considered to be a requirement on this application.

4.7.8 The setting torque accuracy is possible on request, by

supplying each unit with an indicator plate or se..Ling

chart which allows the release torque to be set on site

to any value within the unit's range with an accuracy of

±5%.

4.7.9 According to Rite-Torq, the ratcheting effect of the

detented balls on disengagement has negligible wear on

the tripping components and will reset under motor enertia

when it becomes lower than the overload trip setting.

The stopping time will be less than a free rotating

motor due to the braking action of the torque limiter

resetting or ratcheting.

(37)
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,,..TORQUE SPRING 1  SPORCRKE
ADUTMENT LOADEDSPOKT

° o

DRIVE

AlDRIVINGDRVNR

bI

TYPE C-
SPROCKET
MOUNTING

MECHANICAL OVERLOAD CLUTCH FOR PRECIE
INSTANT RESPONSE• a a a AUTOMATIC RESET..*
COMPLETE DEPENDABILITY EASILY INSTALLED

The Rite.Torq overload clutch protects your machine from Each size unit has a nominal torque rating with a range of

damage by terminating power almost instantaneously when an adjustments to approximately 50% above or 50% below.

overload causing jam creates torque in excess of set limits. Ideally, tripping torque should be at least 40% greater than
Vhen the jari s cleared the Rite Torq resets automatically to operating torque; "tripping torque" being the maximum torque

resunie operation, thUs it is ideal for remote or inaccessible load below which the Rite.Torq will transmit power without

installations disengaging.

Preferred location for mounting a Rite-Torq is between the low

Completely mechanical, the Rite.Torq maintains the precisely speed side of the reducer and the driven machine or mecha-

set tripping point regardless of speed, number of trips or nism. Under adverse conditions caused by vibratory, intermit-

ambient temperatures. Although you may specify a factory set tent or reversing loads we recommend that you consult a
tripping torque and never have occasion to change it, simple Ferguson representative or distributor for applications assist.
external adjustments can be made if desired to afford a wide ance.

range of torque protection. FOR CHAIN, BELT AND DRIVEN MACHINES

MAiNTENANCEFREE There are nine models for either sprocket (Type C) or coupling(Type S) mounting to provide tripping torques from 65 to

The Rite.Torq does not rely upon friction surfaces for its operating 52,000 inch-pounds. They are furnished with stock bore diamc-

principle. Rite.)urq safety clutches transmit motion through ters. Other bore diameters may be specified at a slight ad-

balls retained In seats between driving and driven hubs. During ditional charge (See dimensional table).

an overload the hubs separate sufficiently to allow balls to roll SINGLE POSITIONING
from seat to seat under positively controlled pressure. With is

only rolling friction present, the Rite.Torq is subject to virtually Any of the models may be ordered with an optional single
no wear. Its rugged cast housing is sealed by O.rings against positioning feature which acts as a phasing mechanism to

abrasive substances and moisture. Except in unusual circum insure that your mac.,ne resumes cycling when the jam is
stances, original factory lubrication need not be replenished. cleared at the precise point where the interruption occured.
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) D ADJUSTMENT BALLS DRIVEN

MODEL AS-20 T
LIGHT DUTY UNIT C

11E TRIPPING REGARDLESS OF SPEED...
SEXTERNAL ADJUSTMENT

SPECIFICATIONS MOUNTING TOLERANCES: Angular 10 Total - Concentricity and Squareness .002" TIR.

TRIP TORQUE (In..Lbs.) MAX. RPM- NO. BORE DIAMETER (Inches) +.001 -. 000
MODEL WITH LIMIT OF INERTIA WT.

NOM.* MIN. MAX. SWITCH BALLS (WK2) (LBS.) STOCK MIN. MAX.

AS.20 130 65 195 1800 31 .028 10 .625 1 .750 1 .875 11.000 .56 1.00
AS-30 270 135 450 1800 28 .178 11 .750 .875 1.000 .56 1.00

* AM.60 800 400 1670 1800 36 .247 13 .875 1.000 1.125 .69 1.18
* AM.120 1620 825 2440 1800 44 .415 18 1.000 1.125 1.250 .75 1.38

AS-250 2170 1100 3125 1200 42 .83 28 1.250 1.375 1.500 1.12 1.75
AS.500 4335 2200 6760 1200 45 2.20 50 1.625 1.875 2.000 1.62 2.38

• AM1000 12945 6450 20700 900 40 10.30 110 2.000 F 2.375 1.94 2.68
AS.2000 17"40 8700 26500 900 44 22.50 180 2.500 2.38 3.38
AS4000 34680 17000 52000 500 42 60.70 344 3.125 j 3250 2.94 4.18

Factory trip setting unless otherwise specified.
t Single positioning units have maximum speed of 100 RPM and require limit switch -- consult factory for higher speeds.

* AM Couplings are interchangeable dimensionally with AS Couplings having the same numerical Jesignations but minimum and maximum
tripping torques are approximately 50 percent greater. Lower tripping torques can be provided at slight additional charge.

STANDARD KEYWAY DIMENSIONS WHEN ORDERING
BORE DIA. BORE DIA.
BFROM TO KEYWAY FROM TO KEYWAY Specify Model number, Type S or Type C. bore dimen;ions and

FROM -O - I -To __ _ torque setting and indicate if optional single positioning is
.500 .563 1/8 x 1/16 1.813 2.250 1 2 x 1/4 required.

.625 .875 3,16 x3 32 2.313 2.750 5 8 x516I
.938 1.250 1 4 x 1,.8 2.811 3.250 3 4 x 3 8 TO ZET F - ;' T, 4E

1.313 [ 1.375 5/16 x 5 32 3.313 3.750 7 8 x 7'16 Torque(In..Lbs.) X RPM HP x 63025
I- HP OR: Truin-Lb---1.438 1.750 3/8 x 3/16 3.813 4.500 1 x 1,2 63025Torque(In..Lbs.) RPM



TRIPPPJG TORQUES FROM 135 TO 52,000 11.-LBS.

TYPE U-COUPLING MOUNTING TYPE C-SPROCKET MOUNTING

INPUT INPUT OUTPUT

(DRIVING) OUTPUT (DRIVING) (DRIVEN)~(DRIVEN)
ALTERNATE SET

( ..., COLLAR

L J-1N
- K

I I SHOULDEREDSHAFT':

I-" MOVEMENT -D MOVEMENT

C ~ARRESTER C
A-- WASHER *A

SEE NOTE

NOTE: If arrester bolt and washer (supplied by customer) cannot be used on Type C model install a set collar next to driving hub to
prevent axial movement.

DIMENSIONS

"D" is travel distance for limit switch actuation; for single positioning, couplings use D/2 (see back page). Special hub diam- E C IE
eters between standard (max.) and minimum can be provided at slight additional charge. "K" is keyway dimension. A flat key
meeting standard sprocket requirements is included.

1(+.000 -. 001)
MODEL A B C De  E F 0 H I ST. SPEC. K* L M N

(MAX.) (MIN.) _

AS-30 5.89 3.81 .80 .16 1.97 1.50 6.09 1.77 1.09 1.75 1.56 3% x 2 4.53 4.33 2.76 of
AM4O 6.30 4.14 .80 .16 2.36 1.83 7.00 2.00 1.50 2.00 1.75 V2 x '4 5.43 4.09 3.07 v. I I

AM-120 7.19 4.97 .80 .16 2.36 2.66 7.91 2.17 2.17 2.12 1.95 34 x Ys 6.34 4.96 3.78 in
AS.250 7.64 4.97 1.02 .20 2.91 2.44 9.06 2.77 2.17 2.75 2.50 Y x Vs 7.48 6.06 4.62 je
AS.500 10.34 7.00 1.38 .23 4.11 3.50 10.23 3.55 3.06 3.56 3.19 /8 x Y 8.66 7.24 5.59 ut

AM-1000 12.44 8.42 1.19 .34 4.11 4.34 13.66 4.12 3.34 4.12 3,88 1 x (. 12.09 10.08 7.88
AS-2000 15.75 11.14 1.38 .39 5.30 6.34 15.98 5.12 4.92 5.12 4.50 11 x Xt 14.41 12.02 9.00 w
AS-4000 18.80 12.12 2.75 .52 5.30 6.53 18.91 6.69 5.31 6.69 5.88 14 x Y/ 17.17 14.17 11.25 a.

t.
a

MODEL AS-20 FOR LIGHT DUTY MACHINES t.
LIMIT SWITCH ACTUATING OISC IS AVAILABLE.

.13 TRAVEL--
1.o2 AS-20C FOR AS.20S FOR

- ; - ___ 1A1 .SPROCKET MTG. COUPLING MTG.

53 V - ..-------- I
216:3.61

MAXIMUM [.4

ADJUSTMENT .571e 2.67 .4e5.9 'The standard hub diameter 0J Dimension) for the Model 0

AS.20 is 1.75 Incher. Othor hub diameters from 1.44 to '00
inches may be orde ed for a slight additional charge, S

4.- 1 S~- ----- 1



CONTROLLED BALLS TRANSMIT POWER BETWEEIM TWO HUBS

~-

.. U2
3I

II SI-

SINGLE POSITIONING
Rotating motion Is transmitted by a series of spring loaded I

- hardened steel bolls (1) retained in spherical seats between a

driving (2) and a driven (3) hub. If load on the machine ox-

S_ ceeds set limits for which spring pressure (4) has been

established, springs compress (5), allowing the hubs to part 4.
- sufficiently for the bills to roll over ridges from seat to seat

- A (6), thus terminating the rigid connection between the hubs.
t Driving hub continues to rotate but the driven hub stops.

ST Bells reseat when load drops to normal and lock the hubs

together to resume transmission of power.

FI An optional single positioning feature (7) insures that balls
return only to their original seats so that machine cycle begins M;

-at the exact point where disruption occurred. Rite-Torqs with

this feature normally have a maximum sped of 100 RPM and

require a limit switch (See back page). Consult factory if higher

1operating speeds are desired.
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fO STOP MOTOR

At Instant of overload there is an axial displacement ("D"
movement in dimensional drawings and table) of the driving
hub. It is this movement which creates the clearance between
the hubs that allows passage of the balls from seat to seat.
The displacement may be employed to actuate a limit switch
to stop the power supply. The photo shows a typical installa-
tion with a Type C Rite*Torq. A similar arrangement is feasible
with the Type S models.

LI*

L3-

LIMITA LIITWWTC

SCHEMATIC TO STOW

* DISTRIBUTED BY:

Printed in U.S.A. i
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Mechanical Torque Limiter

The David Brown Torque Limiter provides dependable Fully enclosed, lubricated for life unit supplied fully
protection for driving and driven machinery accurately, bored to suit your driving shaft and with vee belt pulley,
tripping whenever the preset torque is exceeded regardless chain sprocket or shaft coupling for immediate
of rotational speed, operation. May be used in machines fully immersed in

oil if desired.
No siip drive below tripping torque. Operates at speeds
up to 2,000 rpm in either direction and may be mounted The tripping torque may be preset before despatch or
in any position. adjusted on site with a C. spanner.

Design based on standard electric motor shaft Resetting is automatic or supplied with a simple manual
extensions allows input hub fitting to electric motors, resetting accessory.
gearbox shafts and all driving machinery via chains, vee
belts and shafts to driven machinery. A wide variety of versions may be made to order for

particular applications, for example; single position re-
Immediate mechanical action gives accurate tripping engagement enabling the relative angular position of
indefinitely with virtually no maintenance. Overcomes driving and driven hubs to be maintained; single
the delay, friction/heat generation, torque variation, direction action, tripping limited to 2 revolutions before
maintenance and resetting problems associated with re-engagement automatically, and minimal backlash.
electrical devices, shear pins and slip clutches.
For long starting times (high inertia drives) or where it is May be used with a limit switch activated on
desired that the limiter trips very close to the effective disengagement to cut-off electricity supply to motor.
running torque of the machine a simple special feature is
supplied. Every torque limiter is fully tested before despatch, and

protected against corrosion in service
Wear resistant. Tripping components are in heat treated The relatively low cost of a David Brown Torque
chromium alloy steel and standard torque limiters have Limiter will be more than recovered in downtime
been subjected to 50,000 timp cycles at the design and equipment damage savings the very first time
torque loading with negligible wear. there is an overload.

7-771
PROTECTION

_..1

- LOW COST! 
Patents applied for in U.K.. France. Belgium. Sp.-in. Italy. U.S A.
Canada. Germany and Japan.
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Selection

The drive is transmitted from the hub (1) to the driving The unit is lubricated for life and conforms to DIN P.33 or
ring (2) and via steel balls to the output ring (3). On C.E.I. IP.44 standards of protection. For excessively dusty or
overload, when the separating force exceeds the spring adverse atmospheric conditions consult our technical
pressure (4) the balls move out of their seats displacing the department.
driving ring which will activate the limit switch to cut the
motor supply current or activate a warning signal. With the
manual reset version the pin (5) prevents the driving ring (2) Specify as follows:-
from returning when the overload is reduced and the hub (1)
turns freely on the self lubricated bearing (6) and thrust Spl Torque
beari:g (7) whilst the ouput ring (3) remains stationary. Size - Bore - Range - Type Setting

I I I

2 c H W 4 ikg.

7 321
Example Specifies.-

A size 2 Sprocket drive with a 24 mm bore suitable for
operating speeds of between 500 and 2,000 rpm, and a
torque setting of 4 mkg.

For the types M and P add details of the output hub bore
and keyway required.

Add special features required, e.g. manual reset, one
position reset, non standard sprocket etc. To enable us to
check your selection, add details of the type of machine I
concerned, the motor characteristics and the proposed
mounting position.

All units are uniquely identified by the size and serial
number stamped on the face of hub (1).

For the majority of applications select T.*., Tmque M.

the torque limiter with a maximum tripping MU. *i

torque at least equal to 2 , the normal min. $10b s e"
transmitted torque at the point of mount- *JUS b b@ew Staldord
ing. The chosen mounting position should stuiw 51o-.N 56 A . Stsdad Eu'peau 111 0
be as near to the expected overload as Factwoi qW pm kaetia Wood 11 Boe Sim at 1.561 M
possible. Si ttS i g i ) (L) m bg T yp T - HP

With motor speed applications inertia ie
A bait (12)forces are involved which vary with the 14 033

type of motor and methods of starting C 03 15 45 0087 23 14 05 fl
used. In particular the limiter has to be set 0 19 0 75
such that it does not trip at start or under E 19 t0

slow deceleration conditions but that it A (191
does trip under stall conditions. For further 2 24 15
details consult technical sales sheet No. C 14 20
370. David Brown trained engineers are 0 12 60 200 0198 3 5 24 20

E 28 30
avail:tble throughout the world to advise 78 40F78 55
on specific applications. F-

For variable or multi-speed drives:- A =o, (28)
Mount the Torque Limiter between 1I 3s 5

C 50 5 I 00oo 90 38 1,

driven motor and reduction gear where the o 4 15
same H.P. is required at the different E 42 70
speeds (constant H.P.). Mount the Torque A PF ,

Limiter between the reduction gear output B 48 75
shaft and the driven machine where the C 49 30
H.P. varies in relation to the speed o 50 IS 0 0)3 140 35
(constant torque). F 55 40

H.P. 716 F 
47
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Specification

TOQL E , R, 0 L This feature is specified as standard for type 'H' limiters.

The release torque is normally factory set For type 'L limiters expected to trip frequently and for drives with long
at the minimum value. To adjust the setting acceleration times, specify the single position re-setting.
with the limiter installed in position, the Axial displacement for unit switch on tripping is 5, 6, 7.5, and 10 mm for
adjusting ring should be screwed pro- sizes 1 to 4 respectively.
gressively clockwise using a C. spanner
until the driVe operetes normally without -

the limiter tripping. The ring should then be A suggested wiring circuit for the limit switch supplied with the coupling is
locked in position with the locking ring tab. shown below (see figs., 10, 11 and 12). with the limit switch 9 wired in

Alternatively the torque limiter may be parallel with the starter 'on' button 14 and in series with the starter "lock in"
supplied accurately preset dynamically to contact. This will enable the machine operator to start up again after the
any desired value, overload has been relieved, even if the coupling has stopped with the limit

On request, torque limiters may be switch 'open'. An alarm system or relay (to stop a full line of motors) is
supplied with an indicator plate or setting possible by use of a 'double throw' limit switch.
chart allowing the release torque to be set
on site to any value within the range with ,w
an accuracy of 5%. -

The standard torque limiter is supplied
complete with the limit switch and

(a) bored and keywayed.
(b) pilot bore. The operations of boring

and keywaying can be made
without dismantling. (see il/us-
tration below). 

R

or (c) bored and keywayed to client's
specifications. Fig.10 Fig.12

-A standard type " torque linuter with special extended hub

carryng a heavy duty sprociket of small diameter driving a triple
chain drve. The.sprckt is suppoed on a plan bearing fitted to ..

the machine shaft, .

.............

After fitting to the electric motor or "' ,,'-.cq

machine shaft it is only necessary to 1, .

restrain the limiter with a screw and washer
as shown on the dimension pages. 1;

To reset the manual reset device after ,
tripping, first check that the motor current I...,__ A
is switched off. Turn the screw anti-, ". -

clockwise 5 full turns. The limiter will be .
heard to re-engage distinctly. Finally turn
the screw clockwise until fully engaged. 48

As mpfvcme nts in desgn are continually being nae. this speciication is not to he regarded as binding in detas, and dimensions we sublect to alletatt
Wkhnet~ "A



Application examples__.,

>.tzir2- r~c ~~~ r F7 A standard type T torque lkiiw I ~-'~
i wth sW eV puley of small I

* c- ~- -,_4 diaee driving 2 Vet belts.Th
,.-r . pulley is supported on a panj

beati. fi"d to the macin F:±~iiW
A shadar tytt o m nt
wit th EnW hubAcwq*.a

W~~t si2W. t accpalMn bemg bush

h 3 hich rues on the macbehf

;r.. t with asp"ca coupling I-*l aten-__ IThe hib supported on a$ ~ WL dim chai spoe
_ _ _ _ _ mahreshaL

& j& IV T

Kw~v msenibi_ idi__tly oLto i

stanardtootmoufin gea reuclioo r~t

*I .PO 4.,

A standwd David Down Toqemiter otor spVs
flangem asseit W motedOecintly J on ii r -

tmng fiteooth oumg t Wteduction unitV



electc motor shaft driving through _-, 
._

Ve belt to foot mounted co- - - -

axial gear reducer

T W 
C

~ -

C oi

7ngula- 5 A t 
Radi 1 -

SectionS7

Type 'V' - Pulley Drive

V. L.

-16

'E " I pdi

H G ... b -

-_ _ _ _ __ty_'' 
Type ' - Sprocket Drive -

A G dr A
F____ d H .

Angular Radia
M isalig n m ent I IM isalig n m en tT y e W S h f D r v

Type 'P- -Shaft Drive -1 TyeN-Shlzrv

50 L

Type Is IyeS peilAplcain



Principal dimensions (mm) 3A

Size A B C 0 E F G H J ft L M N 0 P O R $ b I

35 52 85 90 95 40 6G 125 45 18 20 5 7.5 95 16 SPZ 5

6 19 21.8

S 50 70 103 110 120 40) 75 150 56 1%.5 23 7.5 8 -- 114 20 -- SPA 8 28 3713

4 18 41.3

W4 48 51.8
85 110 160 168 180 10 125 236 105 22 40 10 25 - 202.6 - 52 3x SP8 16 55 : 3

250 33 - 210,5 - 82 3x SPC 16 55 59.318 60 64.4

Size A B C 0 E F G H J K L M N 0 P a R b d f

35 52 85 90 40 60 101.3 45 18 20 5 6 100 7 25 TEETH SIMPLEX 5 14 16.3PITCH: '" DIN 187 6 19 21.9

77 1222 TEETH SIMPLEX 8 24 27.3

50 70 103 110 108 40 75 133.8 56 19.5 23 7,5 2 6 119 10,5 PITCH: ," DIN 8187 8 28 31.3
i:20 TEETH SIMPLEX 14 48 41.8

, 70 92 133 141 138 60 106 178,5 83 23 27 10 11 11 164.5 15.3 2TTHSPLEX 10 38 41,3
PITCH: I DIN 8187 12 42 45.3

85 110 160 168 - 70 125 202.9 105 22 40 10 18 1" 107.5 1 20 TEETH SIMPLEX 14 48 51.8i PITCH: I a," DIN 8187 16 55 59.3

*k17 TEETH SIULEX 16 55 59.385 110 160 168 168 70 125 1.07.3 105 22 40 10 19 14 20.5 23 ITH iN8LEX 1 6 64.4}PITCH: 12 " DIN 8187 It 60 64A4

Allowable
SHPSd d, Alignment
Sin A B C 0 E F G N J K L or. 111 0 P a R S T U V Min. MAx. Min. Max. Errors! Z

S 52 85 87 90 45 70 40 58 45 18 20 5 16 2 33 7 146 29 8 10 135 12 19 1n 25 0.5

70 103 110 110 '5 80 40 70 56 19.5 23 7.5 IV 2 31 14 169 29 8 10 153 19 28 10 2 0.5

3 92 133 135 141 85 115 58 95 83 23 27 10 22 2 37.5 17.5 272 30 15 12 200 2 42 15 38 05

4 110 160 162 168 100 158 78 120 105 22 40 10 30 2 45 S1 305 3$ 20 25 257 38 60 28 55 0.7

'+ Tv!oe 'S'

Sie A 8 C O E F 6 H J K L M N 0 P O R S 1 d f

5 14 16.31
35 52 85 90 51 60 72 87 45 18 20 5 4 1 95 4 M6 10 6 19 21,8

50 70 103 110 - 75 90 104 56 19.5 23 7.5 4 110 4 M6 10 1 24 27.3

8 28 31.3

, 70 92 133 141 94 106 118 135 83 23 27 10 8 4 155 6 M6 12 10 38 413
3,12 42 45.3

14 48 51.84. 85 110 160 168 108 125 140 162 105 22 40 10 8 10 195 6 Mg 18 16 55 59.3
18 60 64.5

' + 51 ..



NYLICON

Flexible coupling

Torque: 2,03 to 47,2 mkg
Speeds: up to 9,000 rpm
Bores: 10 to 55mm

See publication E.304.11

CONE;-RING

Flexible and rigid couplings

Torque: tip to 19,000 mkg
Speeds: up to 4,420 rpm
Bores: 18 to 355 mm
Flange type or with drum for a brake

See publication E.304.18

-A

GEAR TYPE COUPLING

Torque: 203 to 5,420 mkg
Speeds: up to 6,000 rpm
Bores: 18 to 190 mm
Suitable for heavy duty drives

See publication E.304.24

For further details ask for technical documentation or cal andsee

-12

DAVID BROWN SADI S.A.
Ru des Carburants 4
8-1190 BRUXELLES (Belgium)
Tel.:02/345 18,01 rel.x:23 199DOSADI8

THE DAVID BROWN GEAR INDUSTRIES Ltd. A.-ta~ed companem m U K- as wl.l
in A. gmlTa. Bellittim. Ca, wIa. Fiance ht(lo. Norway. Sol:h Afrfic. Spainm. Sw nt | mIand
and U.S A
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1

4.8 Formsprag Reset Clutch, Reference Fig. #10

4.8.1 Formsprag clutch type JCB Model #3, uses the ball detent
principle with a multiple spring control torque release

setting.

4.8.2 By nesting (2) sets of springs (a set of (20) light and

a set of (20) heavy springs), a torque range from 7 Ft. Lb.

to 150 Ft. Lb. is applied to (6) 5/16" diameter balls

located on the same radius with a specific spacing which

allows disengagement for (1) revolution before resetting.

The light set of springs when used by themselves, cover

a range from 7 to 40 Ft. Lb. The heavy set of springs

used separately, have a range of 23 to 120 Ft. Lb. The

two sets used together provide a range of 32 to 150 Ft.

Lb. torque.

4.8.3 To cover a 3 through 10 HP range, the two sets of springs

would be used separately with the light set covering the

lower portion of the H.P. range, up through approximately

6 H.P., and the heavy set of springs would use from there

onto 10 H.P. maximum.

4.8.4 The construction is all steel except for a plastic plug

located under the set screw in nut #4 and the bronze

Oilite bushings.

4.8.5 No provision is made for lubrication of the needle bearing

and according to the factory none is required for the

entire unit.

53



4.8.6 Other features are,

(a) Bi-directional operation

(b) All position mounting

(c) Fully enclosed

(d) Setting accuracy 1 5%

(e) Automatic self-engagement on restart

(f) Automatic cutoff switch operation (with the addition

of a tripping plate welded or brazed to the housing)

(g) Externally adjustable with no means other than a

set screw for maintaining any preselected setting.

4.8.7 A flexible coupling can be added to the basic clutch,

same as the method shown on Figure 9. Due to being

somewhat more compact than other designs, only 4" is

required for mounting between the motor and reducer

shaft. With a 1" maximum standard bore, an adapter is

required for one side.

i5
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FORMSPRAG

FORM-GARDm
(TLC) TORQUE LIMITING CLUTCHES

*YEARS OF TROUBLE -FREE SERVICE * VIRTUALLY NO MAINTENANCE

WREMOVE OVERLOADPROBLEMS 0 COMPETITIVE FIRST COST

Gone are the problems associated with slow reaction electrical overloads, shear pins which give a wide tor-
que variation and rapidly overheating slip clutches.

Form-Gard Torque Limiters will save you money. The initial cost normally is more than covered by savingof down time during the first overload.

A complete engineering service isavailable. Let our tales Engineers assist you on your particular problems.

This catalog provides the required guidance. It is the customer's responsibility to apply and install
the torque limiting clutch so that it functions within the limits intended by Formsprag. Since proper se.
lection and application is Pssential to long and satisfactory service, it is important ot give careful attention
to the pages which provide information on selection, servie., and applicationSi Any unusual operating
conditions requiring se.tion or application assistance beyond that supplied in the following st.Aion$

should be referred to the Formsprag Company to assure that the correct size and type of clutch is provided.

SA-

the professionals in motion

Formsprag Company has been marketing and delivering dependable. long.lived. precision-
power transmission products for over a quarter century. Formsprag provides one of the
broadest lines of industrial brakes, clutchts, couplings, sensors and electronic controls in ,,~

1 the world. Custom design capability is our specialty.

Formspra s leadership in motion control results from a conscious. day.after.day striving
for product excellence and satisfaction for you. the cvstwmer. Our unequalled Engineer.
ir, Manufacturing :nd Marketing team is at your disposal. ready and able to provide you
with exactly the right product. exactly when you need it. and competi;ively priced. Put
us to wc k for you. Formsprag. The company that isn't satisfied until you are.

(Cvnroilht Fmmsng 1976
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CONTENTS APPLICATIONS

SECTION MANUAL RESET
'~ (BASIC TYPE JAB)

U mining equipment, conveyors,
$1Types JAB, JAS, JAP, JAR, JAF. machine tools, woodworking

Complete release - manual reset.anppemcherups
textile machinery, test rigs,31 ~ ~rolling mills, quarrying hit

-~ - -Post Office machinery, uxtruders,

SECTION
AUTOMATIC RESET

Types(BSI JCBE machierntn
conveyors, bakeey equipment, sliding

Complete reease for one bottling, labelling machines.n
revolution - automatic reae. pre.'ivs andspca-uoemchn.

page 8, %9 10_____ __________ ________'

SECTION
PTO PROTECTION
(BASIC TYPE JFV)
Vehicle PTO dlrivs ane, lobe,

type Jiv.I screw anid centrifugal pumpe- -
Compte e i - morA reet.vane and lobe blowers.

Page 11.

FEATURES & BENEFITS - Pe4
APPLICATION INFORMATION 12
HOW TO SELECT & HOW TO ORDER 14
STANDARD BORE & KEYSEAT DATA 15

BEYOND THE CATALOG
MODIFICA31ONS & CUSTOM DESIGNS

The wide rang of sime and capacities covereed by the Fotm.Gard Catalog tine of cltcs will cover most indjustria nragcls:
hower Your requirments may be better satisfied by wt titan taexfad clutches. lit many casm statudard clutches can be
adapted to your special use by a minor modification.

If you require a custom design, Formsprags cuaiter of a or!Ii- exientte in the sptecialited Power Transmission field
makes availakl the depth and expcitisn required to meet your requlroent is the most economical way possile. PMease tel
us witat your requirements are. We %44- ttg pleined to quo!* special designs.
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FEATURES BENEFITS

No torque is transmitted, thus preventing
Automatic and complete disengagment on damage and machine downtime due to
overload is standard on JA and JF models overl

Easy to meet because no spring com.pression orA
Easbtolg resetbecaued o pg ,Jcnvaiae orOperator can reset his own machine, avoiding
ball alignment is required. Type JC availabile da
with automatic reset. production delays

A single Form-Gard Type-JA Clutch will function as: Eliminate the need for two separate dutches
(1) "Dog Clutch"
(2) Overload Release Clutch Reduce system cost, complexity and size

Longer life in contaminated environment

All metal totally enclosed construction
Operator safety improved with endosed springs

Drive torque is transmitted thn tapered is Positive drive - no slip or bacldash

on all stalard type JA models Timing of drive system is assured.

Accurate
Torque setting accurate within. 5% is main-
tained indefinitely Ease of maintenance is assured by eliminating

the need for continuous adjustment

Selection of proper dutch is simplified

Bdirctinal torque trensei55ois 1 sta~drd Standard unit can be installed on dual direction

drive system

Reduce the space required and the cost of your driveReduced ov"al length sse
system

Increased dependability of drive

Mltiple springs control torque release setting Larpr range of torqe stting is available to

meet your specific application

SINGLE POSITION RE-ENGAGEMENT SINGLE DIRECTION OVERLOAD RELEASE
For use where timing of machine is required. For applications where heavy braking is
Aviable for Types JA and JC. appl Type JA only.

LIGHT DUTY SPRINGS DUAL LEVEL TORQUE SETTING
For systems requir',b very low tcwue For heavy overrunning applications which
lvl and grea,- range v adjustment require normal release torque setting in one
sensitivity, direction and a lower torque release setting

in the opposite direction. Type JA only.



_ _ _ _ __ _ _ _ __ _ _ _SECTION

BSCMNA' EE CUC TYPE JAB
TECHNICAL FEATURES

Complete disengagement on overload 0 Simple "one screw" torque adjustment 0 Positive drive - no slip
Rapid easy reset 0 Full bi-directional operation 0 Horizontal or Vertical Mountings0 Torque setting maintained indefinitely

All metal totally enclosed construction 0 Release action can operate a warning device or limit switch
Rugged and compact design 0 May also be used as a lever operated clutch

E- K H HILES!i TAPPED

10~

ENGAGED .DISENGAGED

RELEASE TORQUE DIMENSIONS IN INCHES AND MILLIMETERS WEIGHT
JABa

.2 14 2400 5 25 5 3 5 25 22, 2.9

2 10 100 3.54 2.16 3.75 23S 0.113 Z.PS 1.00 0.50 .2S 6.5

so W .2 4.70 2.15 4.92 3.54 0.13 3.34 1.5 0.75 6 . 25U 12.3
0 500 12 so 15 n 3 200 40 2905 6.35 5.50

350 lo0w . 7.00 4.33 7119 slit 0.15 5.32 2.24 .2 0.5 31
2 201110 121D 150 SW0 3 ISO 57 1 .15 6.35 27

95 2 .25 533 2 06 5.32 0.2238 7M 3.01 .50 25 66
63 210 .4 235 250 230 ISO 3 lips 77 31.2 , .i 6.35 30

g 600 400 22 72374 12 1107 0.139 1063 4.00 2.00 6 SA-10 0.32 215

94 560 05 2W0 3205 205 3 270 202 W08 5,23 54

Note 1: Lovwer release tortiues can be achleved - Consult Formiprag Company.d
Note 2: Tolerane on pilot diamreter - Consult Formsprag Company.
Note 3: Dimensions "G mir" and "Axial movement on ovitrload" also apply to Typses JAR. JAF. JAS and JAP.

Normal running
The drive is transmitted from the hut) 11) through the splined ring cd to aI flexilt coupling or can1 carry a %pt0ckin or pollcy. See.
(2) via the tapered iaws 13) to the coupling flange (4). The jaws are pages 6 & 7.
normally held together by sp~ring pri~nure acting through two angledJ
racos (5 and 6) and.% full corlplishimto of [)alls (7) located tsy a ste Re-engagement
on the hot). To re-engage. the tapered jaws ve aligned using reference marks and

the slidinl assembly is pushedf along the hub until the balls snapDisengagemenmt lock into their original position. This requires no further spring
On overload, the tapiered jaws awe thrust apart, moving thle sphrned compression.

Aring 12) and lifting the balls 171 over the %tepl on the hut), thus conl ppiato
pictely disengqaging the drive. leaving flange jaw ring (4) free to ro. Apicto
latc on benaring (10). The clutchi can tic installedI in any drive Sy1stri. 7-afeguarding against

Torqe adustmnt idiri suirge or gradual build-up of torqlue. Morfificalions ai Jim.
Toqu ajutmntsile to p2rovidie manua.l lever operation of Ile clutch2 Widle retaining

The releamn trqulle 5rtti2g% te mar11 bly adjusting Ilse control ring Ilse overload irlase: feature. Single diretion reloease and one P0n
;Q1 s allerinq thip sprting forces. The adjusting ring Isio lokr i 0 5111 esh Canl .1211n he trovided. lFrir :IWeeds above 1750 R1PM

sltion lya nylon pill (0) or. if pirfrred, a w.t screW, consult rripragi)
Note:

InstllaionFor particularly duisty conditioins such 3S cerint works %W ofler
Chlches, can bie suplied rnuigh l~ored or finish bored anti kr~ywayrd. neptene seats at positionls (0) above. Please specify vdhen
The hlI may hel fitted to eithef shaft ant the flange can tie connect. ortlering.
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SECTION:

TYPEJAR T J

-4~

t7

RELEASE TORQUEJAR EA TOR. DIMENSIONS IN INCHES AND MILLIMETERS

lb f lbIt SONt
I. * A U C 0 a F a U J K L kg

1 00 .'!1254 Z.% 1.57 0."9 0.29 3.25 3.74 IS? 1.00 I = 0.113 r .2 1 , : .: .0 9o 0 15 10 s 2! -0g 25A4 ) SJ

5 SO 0 50 4.72 215 1.91 .62S 0.s1 3$ 4.7 1.77 I.S? 0.1113 71
7 70 570 Is 41..3 if- U 50 12 & 4 1 Z

17 3s 00 )mG .0 4902 '2 0.1p 037 s): 7.39 3.25 2."4 8:13 54
45k .49 3 2 47 7, 7 5 3 5 9 2s

4so .4m .4 . 430 2.74 1.00 0.3? 5 .5 s . 433 9 0.114 5 :r A
63 "50 225 s OS , $A 7 ISO 230 110 77 3 4)

2 6.4 465 1.13 0.F $.07 12 4.11 400 0.13 6 i

14 . 05 715 lot '.M lot,505 1190 to], 2 Sr.

TYPEJAF T

!0

NOTE: THESE PIN COUPLINGS ARE NOT j
RECOMMENDED FOR HEAVY LOADING

MILIANU TOntOUt"
JAF OImEMN IN INCHS AND MILLIMETERSMOE WEIG"T

I 4ft 11,. 4 5 a It G m Mac $ r4$ A 754
%#a krn " Its

2AXIMU2 ANG0A M .1 4. 5 27.20 ISV as2 G E '- a-,D E
w7 1 7 3 0 5 47 4 15 1 : 1- 1 * 4 1 %5I

7 o ~ 2 .125 4.77 2.5" 203( 0'" svi sm 13 .% 577 0,127 mn

42 1"0 731.4 1.40 "$ 0 $ l 100 MCI VI ! 115 w 5 m I4

No0 4w A1 147$s is 4.11.3 1.A FI -- 17 .. M .. 50 4.0110 19 54 In4 274.4 7725'7.05 31 25.02 'm I mm, 1705 in: 41. !4

MAXIMUM ANGULAR MISALIGNMENT ~ 5DEGREE
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SECTIMu

TYEJBWTHSRCE TYPE JAS

'lit

MULTIPLE SPROCKETS INILL USUALLY KE.~
SUPPLIED WITH KMRIS TO RUN ON
CUSTOMEIM SHAFT FOR ADDITIONAL t i

SUPPORT~

FOR SPROCKETS SMALLER THAN LISTED
AN ADAPTER IS USED - COHESIT F UPVRAOJ t

JAS lILIMNTOSOV SNVeSA oes LST S'inwino0 r
MOSEL A* a ANOLULZEERfS le

ml, Ah a ppmat t

2 in x% ir sit~

., .p 11, 4

Z44

T 'YPE JBWTPULYMJAP

NOTE: PUU.EVSTO SUIT THE POLLIS 3
ULTSCAN ALO if SUPLINWO

STAAR VSE"CTION 0
FLAT
POpv Y-

POR PULLEYS AMLLER THAN L1TW
AN ADAPTER 4 UM - COULT PONRAS.

JAP -AAA -- -

- fa s N
- -- -- V-

24: gI5 I

__ Al* let3I 1

IA2 IXp% I



SECTION

TYPEJCB S

TECHNICAL FEATURES
Instant release at pre-set torque 0 Smooth and complete disengagement for one revolution

Bi-directional 0 Horizontal or Vertical mounting 0 All metal, totally enclosed

44
Automatic self -engagement on rest.art without loss of phasing

.. ............. .

H HOLES ON J FCD

K D EP 100i 12.S4 OVERtLOAO MOVEMENT

JCB MAX; RELEASE TORQUE DIMENSIONS IN INCHES ANDMILLIMETEAS WEIGHT
MODEL b ft HP/RPM H lbs

HP/RP A B ,yNC 0J TIC K k

30 .026 i98 1.38 2.37 2.42 006 1.23 0.63 131Y2 2.60 0.31 3
4 76 35 60 62 1.5 31 16 66 8 1.36

150 3.76 2.13 3.44 2.56 0.06 1.33 1.13 620331 0.44 6.2013 94 54 87 GG 1.5 34 28 84 I1 280

Normal running
The drive is transmitted between the hub flange (1) and the housing RESETTING

(2 by the balls (3), sping.loaded into the pockets on the hub FORCE IF INSTALLATION
flange face. IS THE REVERSE

OF THAT SHOWN.
Disengagement A SHAFT END
On overload, the balls are displaced axially, further compressing the SHAFT RESTRAINT SHOULD
springs. Once out of their pockets, the balls roll between the face ABUTMENT BE PROVIDED.

of the hub flange and the needle thrust bearing for one revolution 2
before re.engaging and synchronizing the drive.

Torque adjustment
The release torque is set by a tightening nut (4) thus increasing the
spring pressure. After setting, the nut is locked with a set screw and
plug;

Installation Fig. 1
-t Clutches can be supplied rough bored or finish bored and keywayed.

The hub may be fitted to either shaft and should be located against
A a shoulder to resist the resetting spring force. (Fig. 1). The drive Note:

flange may be replaced by a sprocket, pulley, etc., or connected to a Type JC clutches should always be used with a limit switch to bring
coupling as shown on pages 9 and 10. the drive to rest within a few revolutions thus preventing possible

damage by continual releasing and resetting. See Page 12.
Application
This type of protection is ideally suited to drive systems where it is
essential to restart in the correct sequence and where access for man-
ual resetting is not available.
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1701
SECTION 2 )

P TYPEJCS

II

Multiple sprockets
will usually be supplied
bushed to run on customers
shaft for additional support.

-.....................

..... .......
For sprockets smaller than
listed, an adaptor is used I ____--

Details on request. ' . -

(_ J T_

MAX RELEASE TORQUE DIMENSIONS IN INCHES SMALLEST STANDARD SPROCKETCS AX. ... .. AND MILLIM TURSE _Number of teeth)-
MODSEL bft

MODE H (P/RPM A 6 D 0 %" Pitch 'A"Pitch %"Pitch %'*Pitch 1"Pitch

30 2.04 2.98 2.37 0.625 30 22 19 17 14
4 52 76 60 16

I50 2.10 3.70 3.44 1.125
3 21 .3 7 3 94 87 28 38 28 23 20 15

P WTYPE JCP

Note: Pulleys to suit the
following belts can also be supplied -
standard 'V' section, flat, poly 'V.
and timing.

..... ........

/a

For pulleys smaller than _

listed, an adaptor is used
Details on request.

JCP MAX. RELEASE TORQUE DIMENSIONS IN INCHES AND MILLIMETERS
MODELMODEL I t HPIRPM

kPm A B C D E

1 30 .006 To sut 2.98 237 0625 400
4 79 t6 102

50 3.70 344 1.125 4875

21 93 81 79 1. 4
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SECTION 2
TYPEJCR T W G

L -CT T ---------- . F --.-

C ij

'U'

JCR RELEASE TORQUE DIMENSIONS IN INCHES AND MI LLIMETERS WEIGHT
MODEL". lbs

lb ft 
P

b f HIP/RPM A i C 1 F K L kg

30 .006 2.99 2.17 1.50 0.9 1.22 2.44 2.36 063 1.38 0.06 3 4.5
4 76 55 40 15 31 62 60 16 35 1.5 2

13 - 3.70 2. 9 2.00 0 U59 1.34 2.60 3.43 1.10 1.73 0.06 9.5

21 94 7 50.8 15 34 66 87 28 44 1.5 4.3

NOTE: This arrangement will not accommodate any misalignment.
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SECTION \J

TYPE JFV
TECHNICAL FEATURES

Prevents expensive transmission damage by automatically disengaging on Overload 40 Simple adjustment 0 Easy reset
Flange mates with standard series universal joints 0 Grease-lubricated * Maximum speed 2000 r.p.m.

Releaise torque adjustable up to 360 lbs ft maximum 0 Fully sealed against the environment of a PTO drive

3 2,

SC E W V VI Y

A-i

4-*

+'1i

_420A

UNIERALJOIT ERES PILOT DIA. BOLT CIRCLE DIA. UNC THO. HOLE NUMBER OF HOLES
- A -B C _ _D_ _

1110 or 1140 2.250/2.252 2,750 4_____

1300 or 13 10 2.375M2377 3.125 %______ 4-

t350or 1410 2.750/2.752 3.750 4rin~n neco

The hub is mounted on the drive shaft of the PTO using a clearance
fit arid key. When installing, do 11ot hammer the flange face (1) . 5
Mount universal joint to flange using socket head screws..k

Release torque setting-j The clutch can be supplied set to "our specified torqlue. To increase

the setting, turn the adjusting nut (2) clockwise; to decrease.

counterclockwise. Do not unscrew beyond the flush position where
the zaro marks coincide.

To reset
When the clutch operates and disengages the drive, first locate and

clear the cause of the overload. To reset. rotate the flange (1) to a-
lignl tile raised screw (3) in the housing with the s91 screw (4) in the

flub. Hold the flange, and, with a pry-bar, turn slightly in tile dlirect-

ion of the arrow.

Maintenance
Clutches ara grease-packed on assembly with a molybtdenum di. 3

sulphide base of grease. A grease fitting is provided for routine

P nmaintenlance.
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Typical arrangement of Type "JA" with Shifter Ring for use as remote control "Dog Clutch".

LI

• 1

NOTE: SHIFTER MUST CONTACT

CLEARANCE REQUIRED FOR SHIFTING RING AT TWO POINTS
AXIAL MOVEMENT OF SHIFTER 1800 APARTRING ON OVERLOAD i l

A feature of the Type "JA" Clutch is that it can be used as a lever operated "Dog Clutch". By adding i

a Shifter ring to the clutch a conventional yoke mechanism can be used to provide remote control lever
actuation to engage and disengage the Clutch.

This feature has been found very useful on conveyors for maintenance work which requires disconnectionof the gearbox and motor. The Dog Clutch feature can also be used on large machines such as printing

presses to disconnect and isolate specific sections.

The normal overload release feature is retained and the dual purpose clutch forms a compact unit with
unique Characteristics.

Typical arrangement of Type "JA" and Type "JC" for use with limit switch for automatic shut-off.

V- AXIAL MOVEMENT ON OVERLOAD

TYPE TYPE
"JA PREFERRED LIMIT SWITCHJC

LOCATION (Caution: Switch actuator
location should not be in line with
holes in torque adjusting ring) RFRE II

SWITCH LOCATION

OPTIONAL - CONSULT FORMSPRAG

-. 10- (2.54 m.m)

AXIAL MOVEMENT ON OVERLOAD ON OVERLOAD

The axial movement of the clutch body on overload can be used to operate a limit switch to shut the drive
down or to provide visual or audible warning. Because the Type "JA" clutch is completely free running on
overload the use of a limit switch is optional. However, we strongly recommend that a limit switch be used
with the automatic Reset Type "JC" clutch unless the operating speeds are very slow.
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TYPIAL APPLCATON

0 BOTTLING EQUIPMENT * CONVEYORS

* AUTOMATIC FURNACES OR OVENS OMACHINE TOOLS
* AUTOMATIC DOOR OPENERS * BAKERY EQUIPMENT

* DRYING DRUMS 0 WOODWORKING MACHINERY

* TRANSFER MACHINES * PRINTING PRESSES
* WASHING MACHINES * PAPER MACHINERY

* RUBBER PROCESSING MACHINES * TEXTILE ?NACHINERY

* FILM PACKAGING MACHINES * ROLLING MILLS
* TOBACCO PROCESSING EQUIPMENT * PTO DRIVES

0 SPECIAL MACHINERY * MIXERS

* TRACTOR PTO DRIVEN WINCH * PUMP DRIVES
0 PACKAGING AND LABELLING MACHINERY * MINING EQUIPMENT

In ms~t drive systems there are several alternate locations where _ _ _ _ _ _ _

cane beg.2. h preferred "air *
the Form-Gard clutch can be instale "Frog Tepeere .--. °0o .

position for Form-Gard is at the driven shaft. This location
places the overload protection clutch at a point in the drive G 4
system where actual load torque can be accurately monitored.

Atraelocations in the drive system as shown in Figure 2 are 17--usually subject to greater variation in torque loads due to the re- M ,,-d~uction ratios within the drive system. The preferred mounting .,,°o,,,

location will provide better control of the overload release tor- Fig. 2
que thus preventing unnecessary release at torques below safe -

operating levels due to system inertia and starting torque peaks.

SI S

When Form-Gard Clutches are installed on large ratio reduction gear boxes care must be taken since it may
not be practical to set a torque limiter mounted on the input shaft low enough to provide the proper torque
protection on the output shaft. The large reduction ratio will also decrease the accuracy of the output re-
lease torque setting if the clutch is located on the input shaft.

When selecting Form-Gard for use in a high inertia drive system the location of the clutch must be betwef,
the high inertia load (flywheel, large pulley or gear, etc.) and the driven mechanism. Locating the Form-Gard J
overload release clutch in this position will protect the driven mechanism from the large inertia forces. j
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Select Manual Reset, Automatic Reset or PTO Mounted type overload release clutch to suit your
specific application.

Choose a position in your drive system for the Form-Gard clutch. See page 13 for guidance.

Calculate the torque setting required for the position selected.
Calculate the maximum permissable torque for the drive componei.; after considering
torsional stress in shafting, stress on keys and keyseats, torque capacity of couplings, chains,
gears, belts, etc. It is the weakest component in the system ftat requires protection.

D-or-
Determine the torque setting based on motor horsepower, drive speed and reduction ratios cal-culating the drive torque. torque (lb. ft.) = horsepower x 5250

RPRI
-or- R

Determine the maximum permissable driven load based on conveyor belt or chain tension.

An allowance for starting torque may be required depending on the location of the clutch in the drive.
At the motor shaft peak torques of approximately twice normal running torque is possible. At loca-
tions away from the motor peak torques will be damped by system inertia, tending to reduce the ef-
fect of motor peak starting torque. Field conditions will also tend to change the calculated torque
values.
The best way to deal with the above variables is to make some allowance when selecting the torque set-
ting required. Keep in mind that each Form-Gard clutch is adjustable and the final overload release
torque setting can be adjusted on the job to meet your specific application requirements.

With the approximate torque required select the right size and type clutch from the tables on Pages 5
thru 11.

Check the clutch selected to make sure the shaft, key, sprocket, .pulley or U-joint, etc. requirements of
your application can be accommodated.

Please supply the following information with your order:

Quantity: The number of clutches needed.

Type /model / bore and keyseat. Example: Type JAB-7 / 1.625" bore / % x a keyseat

When combination units are selected supply additional data as required below:

For coupling combination supply bore and keyseat for coupling.

For sprocket or pulley combination supply complete sprocket or pulley data.
For Type 'JF" clutch supply complete U-joint data.

Advise torque setting required.

Special requirements such as shifter ring, neoprene seals, etc. must be specified.

If bore and/ or keyset sizes other than standard tolerances or shaft fits are required, please specify di-
mensions completely including tolerances. Standard shaft fits and bore tolerances are listed on
page 15.

Please submit a completed application data sheet (forms available from Formsprag) for all Form-Gard
Clutch applications which require torque, speed, bore, shaft fits, keyseats, or other special re- ii
quirements not listed in this catalog.
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STANARD &E KEY-EATDAT

PRICE LISTS REFER TO THESE STANDARDS
TYPE "JA" CLUTCH

CLUTCH SIZE 2 5 7 8 9A

INDIVIDUAL .625 .871 1.250 2.000 AYBR
STANDARD Of ICEYSEAT
BORE SIZES .750 1.000 1.500 2.5W0 WITH SWO.*1 TOLERANCE

.875 1.125 1.62S WITHIN BORE

1.250 1.750RAG

1.875

h3NIMUM BORE .500 .750 1.250 1.505) 2.0001

MAXIMUM SORE 1.000 1.575 2.240 3.030 4.000

TYPE "JC" CLUTCH TYPE ttJF" CLUTCH

CLUTCH SIZE 1 3 CLUTCH SIZE 4

INDIVIDUAL .375 .625 INDIVIDUAL .875
STANDARD STANDARD
SORE SIZES AO.750 BORE SIZES 1.000

.5 1.125

11.000 1.250
_ _ _ _ .50 K 50 _ _ _

MINIMUM SORE .2050MINIMUM1 SORE .750

MAXIMUM BORE .625 1.125 MAXIMUM SORE 1.500 J
STANDARD TOLERANCE ON ALL BORE SIZES WILL BE NOMINAL BORE - .000/ + .001 INCH.

STANDARD KEYSEAT TOLERANCES
All Sit"s Width +.0 0

Al! Szes Deph 0 SPECIAL BORE AND KEYS EAT
________________________All unoits can be supplied with specia bore and

STANDARD KEYSEATS (INCHES) Its~e sizes to mee your specifc application
requiremnents in both English and Metric sizes.

Nominl Shft Dametr KeseatFull shaft and keat detail including toler-T
over Thru Width Depth c mw be supplied with order.

3/8 7/16 3/32 3/64
7116 9116 1/8 1116
9/16 718 3/16 3132
7/8 1-1/4 1/4 Ile

1-1/4 1-3/8 5/16 5/32
1-3/8 1-3/4 3/8 3116 :
1.3/4 2.1/4 1/2 1/4
2-1/4 2-3/4 5/8 5116
2.3/4 3-1/4 3/4 3/8
3-1/4 3-3/4 718 7/16
3.3/4 4-1/2 1 1/2
4.1/2 5-1/2 1-1/4 5/8

5-1/2 t-1/2 1-1/2 3/4
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OTHER FORMSPRAG-MT. PLEASANT POWER TRANSMISSION PRODUCTS
All

POAM fU'UUTuv mggcoseM*Hlgatuu , g g mm

SCUUAW010o CLUTCSISUM*USLCUCU

Formsprag Warranty
Formiprag Company guarantees all its products will leave the factory in good condition. Formsprag warrants its products
against defects in workmanship and material for a period of 365 days (one year) after shipment. Adjustments unde this
warranty will be made only after completion of inspection of the part or product in Formsprag's factory. Formsprags 3
liability under the warranty shall extend only to the replacement or correction of any defective part or product determined
by Formsprag inspection as not conforming to this warranty.

This warranty shall not apply to any product which shall have been repaired or altered without Formsprag's knowdgi. aind
consent or operated or installed contrary to Formsprag's instruction or subjected to misuse, improper maintenaroce or is
damaged by accident or negligence. 14

This warranty ib made in lee of dl other warranties, eXprs or implied, induding but not limited to wrentis of nmdt-
ability or fites for a partular purpose a there ae no other warranti that exten beyond this express wraty.

Formsprag Company reserves the right to discontinue models or to change specifications at any time without notice. No
discontinuance or change shall create any liability on the part of Formsprag ;n respect to its products in the hands of its
customers or products on order not incorporating such change even though delivered after any such change.

Performance Assurance

Rated torque and speeds of Formsprag products are provided in current catalogs to assist the buyer in selecting the proper
Formsprag product. In addition, application engineering assistance is offered by Formsprag Company for guidance to the
buyer in selection of a catalog product and for design and application of custom designed couplings. Since the actual
performance characteristics of the buyer's equipment cannot be reproduced in Formsprag testing laboratories, performance
assurance of all Formsprag products in the buyer's application is the responsibility of the buyer. Performance assurance is
usually accomplished through manufacture of a prototype by Formsprag, and a test or qualification program on the part of
the buyer.

RottinX equipment is pountdally dangerous and should be properly gwded. The user should
check for all applicable safety codes in his area and proiride a suitable guard.

FPra!>.ag
M.Pleasnt

DIWIN O1FI)DACOPONATMO
801E. INOUSTRIAL OR. e MT. PLEASANT. MICHIGAN 48658

TELEPHONE (517) 773-5931 TELEX 227447

CANADIAN SALES: 17 VALOIS SAY AVENUE
70 PT. CLAIRE. PO H9R4B4 CANADA

(514) 695WL2
10M4/76 - 1st Edition Made in England by Wellman-Sibby Ltd. Utho in U.SA.



4.9 Helland Torg-Tender, Reference Fig. 11

4.9.1 The Helland Torq-Tender is a positive mechanical device

which uses a detented key that is radially opposed by

(2) counteracting compression springs for transmittin5

limited torque in either direction of rotation.

4.9.2 Two models, TT3 and the Tandem are required to cover

the 3 through 10 H.P. drive range. Also, a large quantity

of trip release springs are required to cover the torque

range.

4.9.3 The torque setting is not externally nor infinately

adjustable. To change a spring requires complete removal

of the unit from the drive system.

4.9.4 Periodic maintenance for lubrication, due to running in

excess of 500 RPM, also requires complete removal of

the unit from the system.

4.9.5 Preferred features are,

(a) Different torque settings for forward and reverse

movement.

(b) Can be sealed (dustproof or waterproof).

(c) All position mounting.
Wd All steel construction.

(e) Automatic reset (below 25 RPM).

(f) Accepts 1 ° angular to .015" parallel misalignment.

(g) Automatic shut-off.

(h) Tamperproof setting.
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(j) Ambient temperature range of sub zero to +350 ° F.

(k) Cadmium plating or stainless steel construction for

corrosion resistance.

4.9.6 The bore range for both models is 1 1/8" maximum and

requires adapters for both motor and reducer shafts.

Installation area required between shafts is 5 to 5 ".

7*.
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SIMPLICITY is the Key to
OVERLOAD PROTECTION

REPRESENTED By I

HENRY C. A lJAH-N
8S29 OOV~~ LAME

AREA COP' -0172

positive overload protection :

accurate torque limiting

'AA



Effective overload protection
inmost ayenvironment.

HELLAND TORQ-TENDER is a positive mechanical
unit. designed to maintain accuracy in any position, any atmospheric
or moisture condition, under frequent or infrequent overloads and in a
variety of other situations often encountered.

HIGH TEMPERATURES do not slow OILY ATMOSPHERE, in which a fric.
the instant response of the Torq-Tender. One tion unit cannot survive, is home for a Torq-
large in.plant installation sees them protecting a Tender. Lathes, milling machines and other cut-
complete production line of hot glue extruders Tn too s il acins for th r H ullan

whic opeate t 35 F.ting tools are ideal applications for this Holland
which operate at 350 F. unit.

LOW TEMPERATURES do not affect HIGH HUMIDITY does not dampen
the dependability of these Holland units. the accuracy of the Torq-Tender. Even dairy
Through the sub-zero cold of artic winters Torq- equipment, which must be steam cleaned on a
Tenders protect the drive mechanisms of radar daily basis, is protected from overload by these 4
tracking antennas. dependable Helland units.

SMALL SPACE is all that's required.
Because of its favorable torque capacity and SALT WATER, an unfriendly on.
compact size, the Torq-Tender has been chosen vironment for mechanical devices of all kinds.
to protect the camera controls on one of this fails to hamper the action of the Torq-Tender.
nation's most sophisticated under-sea labora- Helland provides stainless steel units to protect
tories, the drive components of salt water drilling equip.

ment.

FREQUENT OVERLOAD is no
problem. In a variety of manufacturing plants HIGH SPEED installations such as bot.
where assembly is critical it's common to rely on tling machines, con testing devices and other
Holland Torq-Tenders for the control of torque in process equipment operate at minimum down
nut-running operations. time when Torq-Tenders arrest overloads. pre.

vent jam-up and re-set automatically.

DUSTY ATMOSPHERE does not FORWARD/REVERSE does not mat-
change the pre.set torque setting. Dust-proof ter. Torq.Tenders respond accurately in either -3
models are available where required, though direction. If. such as in drilling or tapping in-
standard units are frequently used for op- stollations, a different torque req.,irement is in.
plications such as mine conveyors and con- dicated for reverse it can be accomplished by the
struction equipment. change of just one spring.
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14ILLANO
TORQ-TENDER

a unique mechanical design
requiring no electrical, air
or other power source.
The Torq.Tender is a positive drive coupling tha pro. mitned torque nrely by removing the ovrload and
'ides accurate overload protection or torque limting, slowing the driving unit.
It is not a friction clutch and therefore maintainS i.s Six standard Sites offer a range of torque leits from
accltracy after thousanls of disngageaents. It is com. 1 inch,pond to 3.000 inch.pourd. All are available
pact and easy to install. It operates in amy position and in dustproof or wMitr-proof models in specil con.
both rotational directions. No tools ae required for feigratious and wills plated e posed SWfACIs M sight
resetting as the Torq.Tender returns to its pred r- addiotrIl cos.

to(q.TemWh cninpfll am mmjAlitvd uanoW w'e tw mam 91 the04 Iig paemi U$ z12.4 3.3QILM A 3.147.34
1F~ti~;1r - (it U S PMatMn PRO"n All paeoefi% aim awntd bir I4aSw Resamant- Cosnrwon.
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No friction unit can match the dependability of a

TORQ-TENDER
Here's why: Drive Key

When load exceeds rating, key simply pivots
out of slot and compresses precision
tempered springs disengaging coupling. both rotationalTorq-Tender operates inbohrtina

- directions, in any position and in moist,
oily or dusty atmosphere.

Once overload is removed,
resetting is automatic - no tools
required. Springs and slides force
key back into slot at exact original / \ - Simple to install. Accepts up toangular position. 11/20 angular misalignment, .005"to .015" parallel misalignment.

No further adjustment is required.

Once installed, it's tamper-proof.

Should a change of torque rating be Torque rating returns to the
dictated, springs of desired value -

cdn be readily substituted, including exact original value regardless
different torque ratings for forward A I' of the number or frequency
and reverse. of overloads.

Spring Stop

Helland Research and Engineering, Inc.
TORQ-TENDER Standard parts list

t

ii

20,

a'10

Housing 02 Thrust Washer - Retaining Ring Line Up Washer 5 Drive Shaft SpReturn Spring
Spring Slide 8 Drive Key Set Screw Retaining Ring Race Ring Compression Sprin Spring

Stop 9 Actuating Pin Shaft @ Actuating Pin Housing (9 Actuating Pin Compression Spring Actuating Pin
Retaining Ring 2
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Versatile Torque Control
JITORQ -TENDER COUPLINGS &

:1 are used to:
~A0 Protect motors - .

* Protect cutting tools i

0 Protect tables and carriage mechanisms
0 Protect drilling and tapping tools
0 Protect gear reducers - drives
* Protect conveyors V
* Protect tumblers and turntables 5 -

TORQ-TENDER COUPLINGS ' --

are used on:
9 Lathes 0 Turntables P
0 Milling machines 0 Packaging machines
0 Mixers 0 General drives
0 Drills 0Ovens
0 Conveyors 0 textile machines -

0 Tumblers 0 Floor machines -V

TORQ-TENERf, couplings can be made up in many 511 MXM"
special configurations, a few examples shown here.% ; M "1 1

Pulley 1

p! 4EUGJACHINE!

Shaft Extension W

Pulley
a' and irExtended ~-
Shaftis~ j~~

Hub ks'~V1~ .

v

& _4; Vxg

Nut unne "' pv~d-- ~ -s'.iT-
vl;-" WV

"' 0-~ ~
4i HeadR V-

WARRANT F-1]- '

Part andperormace f eah Toq.Tnder coplin S
are warranted fort6Rmo ntswen sdi ccrac

with ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a intutos!arnyisvi'fthAoqTndr-coupling~~~~~~~~~~~~~~ has benatrdoIeokdWrat oes ~ .- ~~--V~f
onl th earorrpaeet fteTr.Tnee'

coulig raspotaio i no aloed .sA-BX -A

M. gg
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Standard Advantages of the
Helland TORQ-TENDER

1 Accurate trip release

2. Torq-Tenders will solve most overload problems

3. No adjustments required as torque setting remains constant

4. Will last for years

5. Single position for machine timing

6. Small diameter - strong torque

7. Easy to install

8. Easy to mount gear, pulley or sprocket (see drawing page 7)

9. Standard units function in temperatures up to 3500

10. Serves as a flexible coupling -- 1/20 angular misalignment
and .0050 to .0300 parallel misalignment, depending uponI the size of the unit

11. Will function in a vertical or horizontal position

12. Can be used as an indirect coupling as well as a direct coupling

13. TorqTender will function in both clockwise and counter
clockwise direction

14. Standard bore sizes of Torq-Tenders will fit most shaft diameters

15. Resets automatically once overload is removed and speed
reduced

16 An optional actuating assembly which strikes a switch and

activates a warning signal or shuts off the motor can be pro-
vided at small additional cost (see page 6)

Construction
Torq-Tender couplings are built to high tional charge. Torq-Tender couplings func-
industrial standards and will last for years tion in ambients up to 3500 F. All units
with only minimum maintenance required. are available with Bronze Oilite Bearings
Drive key and spring slides are investment in housing bore for through-shaft installa-
castings of hardened steel. Housing and tions, in which the single shaft must extend
hub are mild steel, case hardened. Springs to the end of the housing bore to support
are carefully selected to give accurate overhung loads. This is an ideal application
torque settings. Water and dust proofed for mounting a gear, sprocket or pulley.
construction are available for a small addi-
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Provides Automatic
Shut-Off Too!

ACTUATING PIN

LIGHT

ACTUATING DISC -\

LIMIT L IMIT .'ZZ01~ BELL
SWITCH SWITCH moo,

ENGAGED DISENGAGED

An Actuating Pin is available as an optional feature on the six
largest models of the Helland Torq-Tender. The instant an over-
load occurs, the actuating pin becomes operative, traveling '/"
to strike a limit or mercury switch that will actuate a warning

ENGAGED -DISENGAGED signal or shut off the motor.

The basic Helland Torq-Tender Clutch with Actuating Pin is used When the Fail-Safe Pin is used, the Torq-Tender coupling should
with a second pin installed 1800 to the first pin. The ACTUA- be installed so that the "F" bore is the input and the "C" bore
TING DISC is mounted on the outside diameter of the Torq- the output thus allowing the pin mechanism to rotate and Strike
Tender so that when overload occurs, both actuating pins force the switch. When ordering the Torq-Tender with the Fail-Safe
a sliding member axially an amount equal to the pin ejection. Pin, "C" and "F" dimensions must be specified (see dimensional
The limit switch is mounted so that the Sliding member actuates drawing, page 9).
the switch immediately upon overload thereby shutting down After the overload Situation is corrected, the Torq-Tender coupling
the machine. The unit resets automatically upon reengagement automatically synchronizes the original setting at the exact
and is bi-directional. This design allows either end of the Torq- previous location and torque rating and the Fail-Safe Pin retracts
Tender to be used as the input end. to its original position.

ACTUATING DISC Dimensions ACTUATING PIN

MODEL A Y R N MODEL - A B C D
TT-1X .850 0094 0.250 0.250 Tr-IX 2.985 .687 3/32 1.063
1-12 1.094 0125 0187 -0.250 TT-2 3485 .893 1/8 1.097
TT-2X 1,375 0125 0125 0250 TT-2X 3.935 1.175 1/8 1,097

1"-3 1.625 0 125 0.125 0.187 TT--3 -4.480 1.425 1/8 1.097
TANDEM 1 625 0125 0125 0187 TANDEM 4480 1.425 1/8 1.097
TT-4X 2,000 0125 0 135 0075 TT-4X 6.250 1.690 1/8 1.312

910 9 j---i-UNI, ENGAGEO

I -4

C -
UNIT (jiSfNGA',Grt)
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Ask us for your special requirements

1. Plated - nickel, chrome, zinc, cadium, etc.

2. Special material such as stainless steel

3. Multiple re-engagement

4. Metric and non standard bores and keyways

5. Torque ratings - different torques for forward & reversing
applications

6. High temperature lubrication and seals

7. Can be sealed to make dust and water proof

Whatever your requirements, we'll tailor-make a Torq. TenderK) for you!

Instructions for Mounting Gear,
Pulley or Sprocket

AA

A. Shown is Pulley and Sprocket or Gear mounted on B. Shaded area is one piece drive shaft
flange with Bronze Oilite Bearing in bore (See supported with Olite bushing

CONSTRUCTION, Page 4).

Above is a typical application showing a pulley,
sprocket or gear mounted on the flange with an Shown above is the self-supporting Torq-Tender
oilite bearing pressed in the housing (F) bore. to be used in applications where the shaft is too
Because the Torq-Tender must be supported on short to completely support the outer end of the
both ends, the shaft must extend the complete Torq-Tender. The shaded area is a one piece drive
length of the unit, thereby supporting the outer shaft which supports the outer end of the Torq-
end of the unit. Upon overload, the housing end Tende.. A pulley, gear or sprocket is then mounted
revolves on the shaft. Refer to illustration B for on the flange as in illustration A. This self-support-
the application where the shaft is too short to ing unit is now available in the TT-2 and TT.3
extend through the Torq-Tender. models.
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Instructions for determining torque rating required
and TORQ-TENDER® model number for your application.
Computation of the RPM's should be made according to 2. From the chart headed Torque Ratings Available
the location you select for the Torq-Tender. determine which models provide the desired overload
1. Refer to the following table to obtain the running protection for your application.

torque rating of your application - the rating required 3. Select the model with the dimensions that most closely
to determine the proper strength of Torq-Tender match the needs of your application.
springs. 4. Indicate a unit with a fail-safe actuating pin where

automatic warning or shutdown is required.

MAXIMUM RUNNING TORQUE IN INCH POUNDS FOR VARIOUS HORSEPOWER MOTORSHORSEPOWERS

RPM 1/4 1/3 1/2 3/4 1 2 3 4 5 6 7 8 9 10
5

10 1528 2106
15 1050 1400 2100 -
20 764 1050 1528 2360 -
25 631 841 1261 1890 2522
30 525 700 1050 1572 2100
35 450 600 900 1348 1800
40 394 526 789 1178- 1578
45 350 467 700 1050 1401 2802
50 316 420 631 945 1261 2522
60 262 350 525 789 1050 2100
70 225 300 -450 675,- 900 1800 2700
80 197 293 394 590W 789 1580 2367 Y'
90 175 233 350 525 700 1402 2100 2804

100 157 -210 315 422 630 1261 -1891 2521 -
150 105 140 210 315 420 840- 1261 1681. 2101 2521 2941
,200 79 105 157 236 315 630 -945 -1261 1575 1891 2206 2521 -2836
250 63 -84 126, 189 252 504 756 1008 '1260. 1513 1765 2017 2269 2521

-

300 52 70 105 157 210 420 -630 840 1050 -1261- 1471- 1681 1891 '2101'
350 45 60 90 '135- 180 360- -540 720; 900: 1080 -1261- 1441 1621 .1801
400 39 53 79 118 158 315 473 -630 .788 945 -1104 1261 -1418 1576
450 35 - 47 70 105- 140 280 -420 560 700, 840 980 -1120 -1261 1401-
500 31.5 42 63 95 126 252 378 504 630: 756 882 1008 1134 1261-
550 29 38- 57 86 115 229 344 458 573 688 802 1917 1031 1146
600 26. 35 52 79 105 210 315 420 525- 630 735 840 945 1050
,650 24.2 32- 48.5 73 . 97 194' -291 388 485 582 679 776 873 970
700 23 30 45 67.5 90 180 270 360 450- 540 -630' 720 810 900
750 21 28 42 63- -84 168 252 336 420 -504 '588 672 756 840
800 19 26 39 -59 79 158 236 315 394 473 551 630 709 .788"
850 18.5 25 37 55.5 74 148 222 297 371 445 519 -593 667 741-
900 17,5 23 35 525 70 140 210 280 350 420 490 560 630 700
950 17 22 33 49 66 133 199 265 332 398 -464- 531 597 -663
1000 16 21 31 47 63 126 189 252 315 378 441 504 567 -630
1100 14 19- 28 43 57 115 172 229 286 344 401 458 516 -573
1200 13 175 26 40 53 105 158 210 263 315 468 420 473 525
1300 12*. 16 24 36 48 97 145 194 242 291 339 388 436 485-
1400 11,2 15 22.5 34 45 90 135 180 225. 270 315 360 405 -450
1500 10,5 14 21 - 31- 42 84 126 168, 210 252 294 336 378 :420
1600 10 i_ 13- 19.5 29 39 79 118 158- 197' 236 276 315 365 394
1700 9.5 12.5 185 28 37 74 111 144 185 222 260 296 334 371-
1750 9 12 18 27 36 72 107 142 180 216 252 288 324 360
1800 8 11 17 26 35 70 103 140 175 210 245 280 315 350

HOW TO USE TABLE:
1. 1HP at 50 RPM:

Read across the 50 RPM line to the 1 HP column. Running torque is equal to 1261 inch pounds.
2. 25 HP at 600 RPM:

Read across the 600 RPM line to the 5 HP column. Running torque to be encountered is five times the amount
shown or 525 times 5, the equivalent of 2625 inch pounds. 9

3. 121/2 HP at 600 RPM:
Read across the 600 RPM line adding the values found at the / HP, 2 HP and 10 HP columns to arrive.at the total
running torque for 12 / HP. (52 plus 210 plus 1050 equals 1312 inch pounds total running torque).

Instructions For Installing TORQ-TENDERO
It is preferable to mount the unit on the output shaft of the motor or speed reducer with the drive shaft side toward the
motor or speed reducer. The direction of the unit can be reversed when used as a coupling. The speed reducer and
the driven shaft should be well lined up for mounting of the Torq-Tender but the unit does serve as a flexible coupling
for both parallel and angular misalignment. All sizes of Torq-Tenders will accept up to 1V. degrees of angular mis-
alignment. But parallel misalignment varies according to size of the units as follows: T-T-1-.005", T.T-1X-.007",
T.T.2-.010", T-T-2X-.015", T-T.3-.030", T-T-4X-.030". When a gear, sprocket or pulley is mounted on the hub
of the housing, the output shaft should extend through the unit with an oilito bearing supporting the overhung load.

There's no trick to re-engaging a TORQ-TENDER®
The Torq-Tender develops a clicking sound when in a disengaged position, a warning of an existing overload. The
unit will re-engage automatically when motor runs 25 RPMs or less but if running faster simply slow down or stop
motor until it re-engages.
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How to Order TORQ-TENDERW Couplings 4
1. Specify the catalog number. 4. Specify the bore size for the F bore (housing) end.
2. Determine the torque rating required and then select 5. Specify if an oilite bushing is needed on the drive side

from the torque values listed on page 10. If uncer* for overhung load to support gear, sprocket or pul-
tamn about torque, order additional springs of higher ley,
and lower torque ratings. These can be easily sub- 6. Specify if an actuating pin or actuating disc assembly
stituted. is to be included. See page 6 for specific instructions.

3. Specify the bore size for the C bore (drive shaft) end. 7, Specify delivery time and shipping requirements. For
special requirements. contact factory. 4

TABLEl1

0111te ~ Actuating Wihcatalog No. In Lb.c ore F Bore usng-Asaambiy __ Lbs._

T71 I1/8 /-Spcf N/A -1/4

TT2 '410140-1/- Sp1if/4-Secf

TTIX 18to 30 31 ?6Specify Specify 1/

18 Ia 504 1/4SpcySeif31/
3/8- 3/8-

2'T2 40t0 100 Specify 'Specify5

1/4- 1/4,

______ _ ____-5/16

Bores ~ ~ ~ ~ ~ 1/ 1//adoe2ilhaesadr sfllw nhuiged
keywa/8 as ollws

Under ~ ~ ~ 1/ 1/ oe v 62 /
3/4 1"/1/4

1/to/1 1/8 t 0 / 3/4 Spcf Speif 1/4 51"
5/8 ~ ~ ~ ~ ~ 78 to78 /6 HT2X 158" 3

Tandem-1/ 1/40 to--~ 100 Speif Spe 3/4" 5 /
1.7/16~~3/ to134/4"TTX 3

O7/8t Moel/ol

NOT: Bresundr ar suplid wthno eywy ad oe () st srew Bres'/z an ovr ae sppled it
standard/ k1yway an w ()st ces

TT4X 75 to 300 -7/8 8 pcf cutn i
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Torq-TenderCou p11ng
(TORQUE RATINGS AVAILABLE)

Trip Release Springs Available For Torq-Tenders:
~- ~i iX T2 TXT - TANDEM T11--

1T 2TT_ 4, 182 18K

8 10- 3636-
101 12, 40-4
12, 12. 18W 50o0-
-15 15& 25- 60 60,

20 4010 80, 240, 1000
25:50 120 12 0 20'

3060' 1 435_ 150 60,!0
40 85 Ii100, 180 46PO

4 50- '100' 200220.' -50 2000-
60- 1252020 . o 2260=

14030 300 - 702500-
-350 '350 _ 402750

4These springs can be easily removed and replaced by springs with the required torque. See back page.
Springs are not interchangeable between T0RQ-TENDER'11 couplings with different catalog numbers.

Dimensions
HTItnW- D- .---- E - KITvAT

*v --- STANOARP EYAIALL BORES 5 AD ~

.1SHAFt ENO HOUSiING 1.ND

g ~2KEYWAY ..

Standard Dimensions (in inches)

A B- C 06 i H' G I' L-
Hub Wousing -Hub

'11 , Die. Dlip Keyway mot .;memn kei;way 4ieyway Uengh ULingwh Lengiiith 'Lieng-Th ion,

-'1 1 000 .625 See Tables~ .81T .5 12 Se4-Tables Sea Table .500D -50 .7 1.450- 200'
TT1X 1.162 .075 W1 52. 1;125- .625 )- 52. 3. Page 9 .500 J600 .985 1.790 .206
TT2_ 2.062 1,250 Page 9 1.590 _412 'Page 9 .625 .750 -1,300- 2.40- M32
TT2X 2.500 1.500- 13W5 1.125 085 1.0 1.500- 2.975 .450
~T3 3.000 1,750 2.000 1 -012 J.62 mil8 -1,812 -3475 .500
TANDEM 300C) 1.750 3312- 1312 1,062 -1117 3032- 4719 .500

T4X_ 4 625 30030q70 _______ 1.125 j 1:30 3,500 -5.530- .70

CAUTION: When using Torq-Tender for direct coupling be sure shafts do meet inside unit. See dimensions D and.E for proper engagement. 8



INSTRUCTIONS for changing springs
To remove springs, first remove retaining ring from the housing by

drawing the retaining ring together with retaining ring pliers and remove
the drive shaft from the housing. Then place the drive shaft in a vise.
Pinch the springs with a pair of narrow jawed channel lock pliers, unseating
and removing them.

To insert new springs, place the drive shaft in a vise and place one A.,
end of the spring against the bottom of the spring slot. Using a vise grip
or similar pair of pliers, put the lower jaw under the drive shaft and the
upper jaw on top of the other end of the spring. Compress the spring by
closing the pliers and use a screw driver or blunt instrument to push the
end of the spring out of the pliers into the spring slot. Repeat on other
side.

When reassembling TORQ-TENDERv. make sure the thrust washer
is in place in the groove in the housing. The housing should be properly
lubricated with No. 2 Lubriplate with molydisulphite.

LUBRICATION INSTRUCTIONS. Your TORQ-TENDERb is shipped pr-operly lubricated with No. 2 Lubriplate with
molydistilphite. Where overloading is infrequent, no additional lubricant is required. Where frequent overloading
occurs, ebpecially at speeds in excess of 500 RPM, periodic lubrication is necessary. Follow the procedure for opening
the TORQ-TENDER, stated above. Brush a liberal coating of lubricant inside the housing and reassemble. For moist or
dirty atmospheres, specify rubber "'0"" rings to seal out moisture and dirt and to help retain the lubricant.

Come To A Clean Stop
Everytime!
The Helland Stop-Tron automatically and quickly
powers AC driven equipment to a complete stop. Stop-
Tron minimizes unproductive and risky deceleration
periods. Easy to install and completely adjustable. No
air, hydraulics or double shafts needed. Available in
120, 230, 460 and 570 VAC Models.

H f I HELLAND RESEARCH & ENGINEERING, INC.
15107 Minnetonka Industrial Road .]

Minnetonka. Minnesota 55343
(612) 933-2223
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5. Torque Limiter Comparison and Selection

5.1 In comparison, the previously reviewed units meet most

of the requirements except for a few specific features.

5.2 Dalton OSDC Torque Limiter

This unit, the most simplest and economical of all

reviewed, cannot maintain an accurate setting and by

design is not adaptable to av t vating a motor shut off

switch. Its incapability to meet these two requirements,

eliminate friction disc type clutches from this selection.

5.3 Helland Torq-Tender

The Torq-Tender unit is unique in design and has several

features that no other unit has, in that separate torque

settings can be selected for forward or reverse operation

and the unit is tamperproof. However, the fact that

torque adjustment and maintenance requires extra parts

and complete removal from the drive system, makes this

unit a less desirable unit than the three remaining

devices. Ma

5.4 The (3) remaining units all use a positive ball detent

type design in conjunction with one or more coil springs

which are externally adjustable. The torque range of

all three units covers the horsepower range of 2.25 thru

9.79 required for the 20 to 90 ft. conveyor range in

height. Pricewise, all (3) basic torque limiters are

in the same range of approximately $150.00 to $200.00.
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5.5 Beyond this point there are certain features or require- W

ments where each manufacturer differs from the other.

5.6 The features involved are,

(a) Accuracy of setting:

Autogard is ± 10% (this percentage might improve
after break-in)

Rite-Torq- ± 5%

Form Gard- ± 5%

(b) Method of maintaining setting:

Autogard - set screw

Rite-Torq - locking ring tab

Form Gard - set screw over plastic plug

(c) Totally enclosed standard unit:

Autogard - No (could be enclosed if needed)

Rite-Torq - Yes

Form Gard - Yes

(d) Maintenance:
Autogard - clean and lubricate (scheduled maintenance)

Rite-Torq - none

Form Gard - none

(e) Capable of withstanding frequent overload, using a

motor cutoff switch at 1800 RPM:

Autogard - Yes, but questionable, reference para. 4.6.7

Rite-Torq - Yes (tested), reference para. 4.7.3

Form Gard - Yes, although word of caution is advised,
reference Fig. #10
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5.7 It appears that Ferguson, Rite-Torq, backed by their own

testing information, are more sure of their overload

wear capabilities. Although it is possible that both

Autogard and Form Gard are more cautious in making a

direct statement along these lines, it is apparent that

both makes use a ball location pattern to alleviate

wear in this area.

5.8 Based on the above information, Ferguson, Rite-Torq

Torque Limiter Model 'IS" Size 2 was selected for application

in the drive system.

5.9 Kornylak Corporation drawing (2-1026-321F Rev. - Sht.

1 of 1) of the torque limiter assembly, shows the above

unit attached to a rigid type reducer shaft adaptor per

drawing 2-1026-335F. This adaptor should be replaced

with a flexible coupling to allow for shaft misalignment.
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6. Electrical Overload Device Selection

6.1 With the conveyor system mechanically protected to

within 140 to 150% of rated full load, a supplementary

electrical overload control, capable of being set to

within 110 to 115% of full load is required.

6.2 Furthermore, the type of monitoring device selected

should be reliable, easy to set and adjust, economical

and above all failsafe in operation.

6.3 Past electrical and/or electronic type overload

protection has been provided by several different devices,

ranging from a highly sophisticated Tipptronic Control

to a current sensing relay used in conjunction with a

timing relay for bypassing the initial surge of current

to start the motor.

6.4 The main drawback to the Tipptronic unit was trouble

shooting and maintenance, due to its complexity. The

more common type of relay, Allen-Bradley Bul. 809,

provides a simple and rather inexpensive ovrload device,

however, they are less accurate in both setting and

repeatability. The list price for the relay and time

delay is $120.00.

6.5 Newer approaches to power monitoring to be reviewed

and compared are, Formsprag's TorQalert and a motor and

load torque analyzer, manufactured by RFD Instrument

Company in Elgin, Texas.
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6.6 The TorQalert unit (reference Bulletin X-3012A) is a

solid state device which integrates the motor input

voltage and current to monitor the motor output power

which is directly related to torque. The unit is easy

and simple to adjust with a meter readout and also has

a built-in time delay for motor startup. The price

of this unit is approximately $230.00 per unit.

6.7 The motor and load torque analyzer by RFD Instrument

Company (reference Bulletin RFD2002) detects an overload

condition by the slip characteristics of the motor with

a transducer in close proximity to the motor shaft.

This method is entirely independent of voltage and

horsepower. The unit is also solid state with a meter

readout. The accuracy of this unit is 1 1% of relative

set value. The list price is in the neighborhood of

$600.00 per unit.

6.8 The motor to be monitored is a 3 speed constant torque

440V, 3 PH, 60 HZ design B motor. The horsepower, speed

and full load amp ratings are listed below.

H.P. SPEED F.L.A.

10.0, 6.6, 5.0 1800, 1200, 900 15.4, 10.6, J5.0

7.5, 5.0, 3.75 1800, 1200, 900 11.5, 8.0, 11.0

5.0, 3.3, 2.5 1800, 1200, 900 7.3, 5.0, 7.0

3.0, 2.0, 1.5 1800, 1200, 900 5.0, 3.2, 5.0
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6.9 Normally a 3-speed motor would require (3) separate

overload controls, however, note that the full load

amp rating for each motor is nearly the same for either

1800 or 900 RPM. With this in mind, one trip setting i
could be selected for the two amp ratings that would

satisfy both speeds within the 110 to 115% overload

range. For example, a setting of 17.1 amps on the 10

H.P. motor would be a 111% overload setting @ high

speed and 114% @ low speed. Under this condition, only

two TorQalert units are required per controller.

7.0 Although the RFD unit is highly more accurate, it is

our opinion that the Tor~alert unit with 1 5% accuracy

is suitable for this application. Not only is it more

pratical, it also offers simplicity both in selection

of setting as well as installation.
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the professionals in motion
BULLETIN X-3012-A

OCTOBER, 1975 f.
INSTALLATION

AND
MAINTENANCE
INSTRUCTIONSFOR OD MODELS

LOAD MONITOR OVERLOAD PROTECTION

BEFORE YOU BEGIN INSTALLATION ... TABLE A

Keep in mind the block diagram below. The TorOalert CONNECTIONS TO TERMINALS 5-6-7
has two electrical circuits associated with it: The MINIMUM RATED MAXIMUM
power circuit and the control circuit. TERMINALS CURRENT OF CONTINUOUS

The power circuit is the input to the TorOalert and MOTOR (A) CURRENT (A)
must be wired as described in section A of the fol 4.0lowing pages. 6; 7; 3.0 1 6.0

The control circuit is the output of the TorOalert and 1 5: 6: 5.0 7.5
utilizes the output contacts of the relay. The control 4. To complete the power circuit. connect Phases II
circuits described in section B of this manual are and III to terminals 4 and 3 respectively. NOTE. that
only uses for the output contacts of the relay. Other in the reversing starters diagram, terminals 3 and 4
ises of the TorQalert output contacts are limited only are connected on opposite sides of the starters.

by the imagination.
DO NOT ATTEMPT TO TEST THE UNIT
UNTIL YOU HAVE READ SECTIONS B & C

BLOCK DIAGRAM POWER CIRCUITS
POWER

tor~at CIRCUIT T TOROALERI

3PHASE 3 4 5 6 7_
TARTE .'ovTOF , 'MOTOR

MOTfl STARTER
f Er TABLE A CO ' TS

L~~L
CONRO l-O .HASE

CLCUIT PA EII 1  ., ,tTAGL
/X ERnNALl

ALARM/ 1,1TERQUPT

TFIG, B DIRECI ON LIN -

I OROALERT

SECTION A - THE POWER CIRCUIT 3 OA6t ..
3 -1 5 6 7 I

1. Mount the unit in a location that is easily acces-
sible to the wiring of the motor to be monitored. _ __,__ ,______
(electrical control box, if possible). A,[)

2. Choose the system from figures B or D that is VV
your application. Figure B is a direct on line wiiing
diagram corresponding to a one direction motor. FIG. C CURRENT rRANSFORW.1ER
Figure D is a two direction wiring diagram employ-
ing reversing starters.

3. Consult the maximum continuous current column 1 3 , 5 . 7
of table A. If the continuous current rating of the CONTACTS U ;[ L-A
motor falls into this range, connect Phase I to the
appropriate terminals found in table A. If the con-, _: ,:. 0
tinuous curient rating is higher than this range, ob- A 4

;n a current transformer (2VA min) with a ieduction
io that will reduce the current to this range. Install

tie current transformer as shown in fig. C and con-
nect its leads to the corresponding terminals found
in table A. -1 D EVEISIHG siAlIi
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SECTION B - CONTROL CIRCUITS

12 3 4 5 6 7 8 9 10 11 12
SPARE

TERMINALS POWER CIRCUIT CONTROL CIRCUIT Examination of the TorQalert terminal strip in Figures
INPUTS OUTPUTS E, F and G, reveals that terminals 8 through 12 are

the output contacts of the relay. It is important to dis-
FIG. E tinguish when the output contact states occur.

In Figure G, the output contacts are shown in the
CONTACTS SHOWN IN SIGNAL STATE TorQalert monitoring state, - when the unit is sens-

ing the power to the motor. The relay is energized.

When the TorQalert senses an overload of power to
_ 74 the motor, the relay is de-energized and the contacts
1 2 3 4 5 6 7 8 9 10 11 12 switch to the signal state (figure F) with the contact

signal state shown in figure F, any number of con-
FIG. F trol circuits can be designed to fit the particular

application.
CONTACTS SHOWN IN MONITORING STATE To aid the installer with his design, the next few

pages contain examples of control circuits. Once the
control and power circuits are installed on the Tor-q -1- Qalert, it must be calibrated as described in Sec-

I i tion C.
1 2 3 4 5 6 7 8 9 10 11 12 toG

IFIG. G

EXAMPLE 1 - DIRECT ON LINE

PURPOSE:
To shut down the motor being monitored if any over-
load of power occurs.

.U -CONTROL VOLTAGE* DESCRIPTION: Refer also to Figure B.
FUSE Momentary depression of the start button energizes

O Sstarter 1M, closing its three phase contacts in the
power circuit, and the holding contact in the control
circuit. Since, the Tor~alert is connected after the

r -- starter contacts, the relay is energized and its output
contact (term 8 and 10) in the control circuit close.

__ I .. "The motor starter, 1M, is held through the path con-
8 10 Itaining the Tor~alert in the control circuit. An in-

crease in motor power from the preset value (Section
L _____j 1M (HOLDING CONTAC7) C) is detected by the TorQalert in the power circuit
TOROALERT and the relay is de-energized, opening the output

contact (term 8 and 10). This results in de-energizing
the motor starter and the motor is shut ilown.

*NOTE - Control voltage is defined as the voltage
that is used to energize the coils of starters, relays,
timers, etc.
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EXAMPLE 2 - DIRECT ON LINE WITH FAULT SIGNAL

-' PURPOSE:
,1 To shut down the motor being monitored and trigger

an alarm when an overload occurs.

C VDESCRIPTION: Refer also to Figure B.
The first half of this control circuit is essentially the
same as the direct on line of example 1. Momentary

STOP-RESET SA depression of the start button applies the control_ CR voltage across the motor starter (1M) closing the
_ 0 0 -- three phase contacts of the power circuit. As this

occurs, the motor starts and the relay of the TorQalert
TORQALERT is energized, closing the contacts across terminals

8 and 10, 9 and 11 and opening the contacts across
S 1 10 I9 and 12. The closing of the contact across terminals

9 and 11, energizes an external control relay, 1CR,l.1 1M (HOLDING CONTACT) (supplied by installer), switching its contacts to op-
ICR posite states than those pictured in the control cir-

IC- ;cuit. The motor starter is now kept energized by the
path through terminals 8 and 10 of the TorQalert and
its holding contact. When an overload from the preset

1 11 9 .9 value (Section C) occurs, the TorQalert relay is de-
Al energized, changing the contacts to their original

states shown in the control circuit diagram. The
ALARM motor starter drops out and the motor is shut down.

Since the external control relay, 1 CR, is still ener-
gized, its contact completes the circuit to the alarm
and the alarm sounds.

Pressing the stop-reset button breaks the circuit to
the control relay. 1CR. and resets the control circuit
to the original pictured state.

EXAMPLE 3 - REVERSING STARTERS

PURPOSE:
To shut down a two directional Motor when an over-
load.

DESCRIPTION: Refer also to Figure D.

CONTROL VOLTAGE The operation of this control circuit is basically two
direct on line circuits (example 1). Since the start

START FORWARD FUJSE forward and start reverse cycles are identical, ex-
STOP planation of one cycle also describes the other.

Momentary depression of the start reverse button,
0- ( 7 l Xenergizes starter 2M, closing its three phase con-

TOROALERT tacts in the power circuit and switching the two con-
- -. - - 1Mtacts to opposite states than those pictured in the

6 1 i10 control circuit. The motor runs in the reverse direc-
tion and the TorQalert contacts across terminals 8

2M and 10 close, providing a holding circuit to starter
2M. Note that the start forward cycle is prevented
when the reverse cycle is operating, by the now0o o. ,open 2M contacts adjacent to starter 1M. This sameSTART REVERSE 1M operation applies also to the start forward cycle.
When an overload from the preset value (Section C)
in the motor occurs, the relay in the TorQalert is de-
energized, opening the contacts across terminals 8
and 10. This breaks the holding circuit to the appro-
priate starter and the motor is shut down.
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SECTION C. CALIBRATION AND LOAD ADJUSTMENT

CALIBRATION PURPOSE:
To match the Tor~alert to the motor. This should be"- J)I Idone or) the first operation only. :

LOAD ADJUSTMENT PURPOSE:

To set the Tor~alert at the motor's normal working
conditions as near to 100% as desired. such that an

J Iincrease in working load de-energizes the Tor~alert
relay.

1. Set the load adj. control maximum clockwise.
(I. 2. Set the calibration control maximum counter-

clockwise.
3. Start the motor without load. The meter reading.

should be between 40% to 60%.
4. Gradually turn the calibration control clockwise

and note that the meter reading decreases to a
CALIBRATION minimum and then starts to increase. (If the

reading does not decrease. interchange the
connections between terminals 3 and 4 in the

LOAD ADJ power circuit.)
5. Set the calibration control to a minimum reading

2on the meter.
6. Start the motor at normal load and turn the load "N

adi. control slowly counterclockwise until the
meter reading reaches 100%. The Tor~alert re-
lay should de-energize (Signal State).

7. Turn the load adi. control clockwise so that the

I Z 3 4 5 6 7 8 9 l01112 meter reading is as close to 100% as desired.*

*The TorQalert relay is calibrated to operate when
the meter reaches 100%. A setting too close may b-
pushed past the 100% mark by uncontrollable tluc
ations in the voltage supplied to the motor. The ma^
mum stable meter reading can only be found by trial
and error. Fl

In some applications, it may be desired that the
motot tolerate a percentage of overload. To do this.
the load adjustment control should be set at a lower
level. The lower the setting. the greater the load in-
crease required to dc-energize the Tor~alert relay.
For example, if it is desired that the motor tolerate a
20% overload, the meter shou!d be set at 800'0.

I.

4[

Formsprag ~'
Sensors e Controls E

P.O. BOX 778, 26444 GROESBECK HWY.
WARREN, MICHIGAN 48089

TELEPHONE (313) 758-5000, TELEX 230.389

CANADIAN SALES: 17 VALOIS BAY AVENUE
PT. CLAIRE, P.O. H9R 4B4 CANADA I

(514) 695.7620
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I (512) 285-3385/3386

] IE'If 1I) INSTRUMENT CO., INC.
404 NORTH MAIN • P.O. BOX 548 • ELGIN, TEXAS 78621 • U.S.A.

M. PATENT PENDING
"PERCENTAGE OF LOAD"

t MOTOR & LOAD TORQUE ANALYZER

SERIES PCM2002

~ FEATURES:
r.Two separate inhibit alarm functions

with locking adjustment

.Readout in direct percentage of load
0.0 to +70 C Ambient temperature

.Field calibration and alignment

.Automatic lockout/manual reset

.Integrated circuit solid state logic
;____ AThf

.Adapts to most motors and rotary loads

GENERAL:

The PCM2002 is a universal motor monitor and control that can be used on
single or multiple phase motors, it monitors both motor and load indepen-
dent of voltage, horsepower, and shaft size. It detects the slip charac-
teristics of the motor with a solid state transducer in close proximity
to the rotating shaft. No physical contact, special gears or collars are
needed.

The all solid state integrated circuit PCM2002 is designed for the ulti-
mate in reliability. The solid state pickup and shaper provides a noise
free signal in most applications. The motor current equivalent is dig-
itally compensated and displayed on a 4 inch meter. An adjustable warn-
ing light or horn, also a separate adjustable alarm output for automatic
motor shut down is provided if the percentage of load exceeds a preset
value.

MODEL OPTIONS:

PCM-2002... Basic unit with two dry contact relays to monitor or control
a specific motor or work task.

PCM-2002A.. Basic unit as the PCM2002 with an additional 4-20MA two wire
transmitter into 600 ohm.

PCM-2002B.. Basic unit as the PCM2002, but contains a digital readout
and BCD coded output.

PCM-2002C.. Basic unit as the PCM-2002, but enclosed in a Class 1, Div.
2 explosion proof enclosure, glass door and Class 1, Div. 2
armor probe.

Patent Pending Bulletin RFD2002
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PCM2002D.. Basic unit as the PCM2002 with a digital steering and control
logic to detect changes in torque, make a set count and stop
device for another set period of time.

ENGINEERING SPECIFICATIONS:
Power Input .......... 120 VAC, 5 watts, 50/60 Hz (18 to 30 VDC unregulated

3 watts, special order).

Accuracy ............. ±.0025% of Full load RPM.

Motor Speeds ......... From 200 RPM to 10,000 RPM.

Transducer ........... Hermetrically sealed Brass/Aluminum head, with cable
enclosed in stainless steel armored cable and weather
proof connector.

Circuitry ............ Solid state digital logic with optional relay or solid
state output control.

Range ................ 0 to 120% Horsepower, other ranges available.

Inhibit Function I... 10 to 90% Horsepower optional 100% scale available,
dry, 10 amp, @600 volt relay contacts (optional solid
state output available at extra cost).

Inhibit Function II..90 to 120% horsepower optional 100% scale available,
dry, 10 amp, @600 volt relay contacts (optional solid
state output available at extra cost).

Start ................ Built in variable time delay from initial start to
allow motor to equilabrate. (Please specify when
ordering).

Reset ................ Manual reset and override located on front panel.

Readout .............. Special 4 inch jeweled anti-vibration type meter.

Alignment ............ Front panel adjustable zero, field calibration.

Protection ........... Lightning/Transient protected.

Ambient Temperature..0 to 70°C. Optional -20 to 850C.

Enclosure ............ 14 Gauge steel nema 4, water, dust and splash proof.

Size ................. 6"x9"x3 " with enclosure. 5"x6"x3" Electronics Module.

DIMENSIONS 8.750" A
1'-8.000" 1

V V

_ IJ

-9.500'-

NOTE: Specifications subject to change without notice.

RFD Instrument Co., Inc. guarantees the PCM2002 Motor Control Monitor to
be free from defects in material and workmanship for a period of one year
from date of purchase.
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RFD P/N 0036-OOJ-0001

MOTOR SLIP VERSES CURRENT CHARACTERISTIC

APPLICATION NOTE:

In practical motor overload detection the current parameter is

usually utilized as an indication of load conditions. However; due

to ambient temperature variations, difficult field installation and

set up the current method is sometimes not adaptable and willnot

satisfy some applications.

The slip parameter of a motor can be utilized to obtain more in-

formation than that available from the current parameter, as shown

from the following excerpt and curve.

l"The relationships between power function, efficiency, and
current at various partial loads of a typical design B 10-
Hp motor are shown in fig. 2-7... The percent of full load
slip curve in fig. 2-7 is a straight line between 10 and
110 percent, indicating that slip speed is directly propor-
tional to the horsepower load in this range. This rela-
tionship provides an accurate means of estimating loads
carried by squirrel-cage induction motors in integral-horse-
power sizes... A squirrel-cage induction motor no load
speed is slightly less than synchronous speed. In the exam-
ple in fig. 2-7, the no-load slip is approximately 1 rpm,
which is equivalent to 1,799 rpm no-load speed... Between
zero load and 100 percent load, motor speed changes only 3
percent in the Nema B motor as illustrated in fig. 2-7.
The motor horsepower and motor torque are therefore in a
direct relationship...".

By monitoring the motor slip and utilizing the information de-

rived, a reliable parameter is available for monitor and control.

APPLICATIONS PRETAINING TO MONITOR OF MOTOR SLIP:

To protect high ratio gear reducers and spur gears.

: To monitor and control pumping slurrys or corrosive materials.

To monitor and control centrifugal blowers.

To monitor and control for direct computor interface with

analog or digital readout of most motor types and loads used

today.

l"From Motor Selection and Application," by Charles C. Libby,

Copyright 1960, used with permission of McGraw-Hill Book Company.
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2Fig. 2-7. Performance curves of typical 10-hp 1,80-rpm Design B squirrel-
cage induction motors, rated voltage and frequency applied.
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Applications:

Municipal Sewage and Water Treatment Plants:
1. Utilized on clarifier drives to monitor the motor and gear

reducer, allowing the operator to detect less than a 100 lb.
load and stop a triple 20,000:1 gear reducer before any phy-
sical breakage or malfunction can occur.

2. Utilized in conjunction with an RFD TCM4001 temperature in-
dicator to monitor the motor bearing temperatures or blower
outlet temperature (PCM2006) plus monitor the load and give
a direct readout in CFM. The unit also provides surge and
over load protection and control for the complete blower in-
stallation.

3. Used on thickner drives to detect stoppage of the gear drive
assemblies and inhibit operation if a malfunction occurs.

Industrial Applications:

1. Bakery industry to monitor and control the mixers, using the
PCM-2002A to batch mix bread dough and batter to a set consis-
tency or viscosity.

2. Pulp industry monitor and control slurry pumps along with the
temperature parameter of the bearings for proper operation.

3. Petroleum industry to monitor and control oil well heads uti-
lizing the PCM-2002D as a pump off controller.

4. Utilized by OEM motor manufacturers as an in-house test set
for the monitoring and checkout of new induction motors. By
applying the PCM-2002B to a checkout stand, the manufacture
has a coded BCD output tt- oe interfaced directly to his com-
putor.

5. Rendering works inaustry to monitor and control the consis-
tency of the cooked meat as it is transferred through the
rotary cooking ovens.

The applications noted are but a few possible applications of this
device, they are not limited to just induction motors. Wherever
there is a job to be done and rotary work over 1000 RPM is doing
the initial work, whether it be on a diesel engine on board ship
or on a generator at a power plant, (synchronous motors and con-
ditions not applicable), if a slip of at least .5% is discernable,
we can apply this device and accomplish the task of monitoring and
controlling its load.

How to Calculate Motor Slip:

Motor or work slippage is the difference in turns at no load and
the turns at full load. Example: If a motor has a nameplate
full load rating of 1750 RPM, then the synchronous speed or no
load speed for practical purposes would be 1 RPM less than 1800
or 1799 RPM.

1799 no load

-1750 full load

49 RPM slip from 0 to 100%



Percentages of slip can be said that it is the slip divided by
the no load speed. .0272 or 2.72%

1799 RPM /--4 RPM

To calculate the times involved, first take 1799 and divide by 60
to put the factor in revolutions per second.

29.98333333

Then to time .0333518621 sec. or 33.352 milli-sec.
29.98333331_/ 1.00000

Then find
29.16666667

60 175 0

Then to time
.0342857142 sec. or 34.286 milli-sec.

29.16666667_/ 1.000000

Take: 34.286 milli-sec. Full load speed
-33.352 milli-sec. No load speed

.934 milli-sec. or 934 micro-seconds difference
between 0 and 100% load on this particular motor. On
a 75 to 125% scale, this puts 467 micro-seconds as the
standard slip in time. Because the slip is linear, we
can shift it from 5 to 120%. The motor will then chang,
from 34.0525 milli-seconds to 34.519 milli-seconds from
75 to 125% of load

To find the "A" time, proceed as follows:
233.5 micro-seconds

s467 micro-seconds

100% time of 34.286 milli-seconds or time "B"

34.286 100% time "B"
+ .2335 50% of time difference derived at calculation

above

34.5195 milli-seconds time "A"

34.286 100% time "B"
- .2335

34.0525 milli-seconds time "C"

j
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PCM2002 INSTALLATION AND OPERATION INSTRUCTIONS

Unpack the PCM2002 and transducer assembly. Inspect for any shipping
damages. The shaft or coupling to be monitored must be a ferrous ma-
terial for proper operation. The PCM2002 transducer detects a void
or difference in ferrous material and this produces a resultant signal.
that is measured against an internal standard.

1. Utilizing the universal bracket that is furnished with the PCM2002
mount the transducer assembly in a close proximity to the rotating
shaft. (NOTE: The transducer will mount in any position and is
impunitive to oil, dirt, and water ).

2. Reference Figure 1, utilizing the feeler gauge supplied with the
PCM2002, adjust the transducer as shown in figure 1.

- ROTATING S.:AF"T

-FEELER GAJGL
T RANSDUCEk A.SY

BRACKET
\

-44

3. Insure your PCM2002 is set up 1or the proper speed and Nema Type
Motor as you are installing it on. This is a factory setup and
should not be attempted in the field because of proper test facil-
ities.

4. Mount the PCM2002 securely to a solid structure and connect as shown 4
in figure 2.

WARNING ALARM

2 I

I L _ , MOTOR STARTER
I ~S~6718 II2OVAC

ACH

WARNING L.H. K.__....

Disconnect motor starter at point A and reconnect as shown for
control operation.
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5. Unlock the front panel screw driver lock nuts and preset the warn-
ing and alarm adjustments to a full CW position.

6. Apply power to motor from HOA or circuit breaker, turn on PCM2002
(NOTE: there is a 20 second delay before the control circuit is
activated).

7. With a clamp on type ammeter or equivalent attach pickup on one of
the AC leads going to the motor.

8. With the motor connected to the load, apply power and observe the
ammeter reading. (NOTE: lock ammeter reading or jot reading down)
also with a voltmeter measure the applied voltage across the motor.

9. Shut off motor and examine the motor identification plate, Note
the voltage verses current as applied to your particular installa-
tion, Example:

Voltage Amps RPM

115/230 6.4/3.2 1750

NEMA TYPE B

10. Calculate the 100% load figure as follows from the motor identi-
fication plate.

Voltage X Amps=Power in watts
E1 XII=P1

11. Calculate the actual motor load, using the measured voltage as
applied (E ) and using the current reading (I ) derived in step
7, multipli as in step 10.

Voltage X Amps=Power in watts
E2 XI2=P2

12. To derive the correct setting of the meter zero R-8 on the PCM2002,
calculate as follows: Divide the motor plate power into the measured
power figure.

PI I P2

13. Start the motor and turn on the PCM2002, with the motor running
adjust the front panel adjustment R-8 for the proper percentages
of load as derived in step 12. The other adjustments should not
be attempted unless the proper test instrumentation is available.
Reference the PCM2002, alignment and maintenance manual.

14. Using information derived in step 9 through 12, calculate the warn-
ing and alarm set point and adjust for desired warning and alarm
condition.
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How to calculate horsepower load on the Gear Reducer Drive Motor.

HP= Torque load (inch lbs.) x RPM (Motor)

63,025
OR

HP= Torque load (foot lbs.) x RPM (!otor)

5252.0833

Efficiency= Hp out/Hp in
Required input torque= Torque out

Ratio _Eff.

Utilizing the 75 to 125% or the 20 to 120% of load scale, the
slip is linear with horsepower.

EXAMPLE: We have a 1725 rpm full load .5 Hp motor driving a
20,000:1 gear reducer, on a 50 ft. diameter clarifier,
with an average of 7 lb. per ft. of sludge load, with
an overall efficiency of 601. The PC2002 has a 75
to 125% of load scale. What percentage of load change
will be observed on the meter with a 1 lb. per foot
build up of sludge on the scraper arw?

First we know slip is linear with horsepower so 75 to 125% of
scale is 50% of the total horsepower on the motor. Each divi-
sion is equal to .005 horsepower per division or .0025 horse-
power per percent of scale. (.5 Hp r 2 = .25 Hp per 50 divi-
sions or each division equal to .005 Hp at the motor shaft).

Next we must calculate the loading on the clarifier output drive.

Hp of output scraper drive-
Torque load (inch lbs.) x RPM (output Drive)

63.025

OR
Hp of output scraper drive-

Torque load (ft. lbs.) x RPM (output Drive)

5252.0833

With a 20,000:1 reducer on a 50 ft. diameter c arifier and a
nominal 7 lb. per foot load of sludge. (3 x D' x 7)- Torque
required 3 x (50)2 x 7= 52500 inch lbs. of torque at the scraper
proper.

Next we calculate total Hp at the motor shaft with a 60% effi-
ciency (1725 RPM + 20,000- .0875 RPM).

Hp= 52500 x .0875= .0728 Hp
xl.666

.12 Hp

(60% e'f.= factor 1.666)
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We can say that at 7 lb. of sludge on a 50 ft. diameter clar'-
fier tank, operated by a 20,000:1 gear reducer with an effi-
ciency of 60% and 1725 RPM motor the required input horsepower
will be .12 Hp, we will align this on the PCM2002 at the 100%
point with R-8.

The next step is to arbitrarily select a additional loading
such as 1 lb. per foot and recalculate the load for 8 lbs. per
foot of scraper using the formulas above.

3 x (50)2 x 8 =60,000 inch lbs. of torque now at the

scraper.

Hp=60,000 x .0875= .0833 Hp

63,025 xl.666

.1388 Hp

.1388 Hp with 8 lbs. per foot on scraper
-.1200 Hp with 7 lbs. oer foot on scraper

.0188 Hp increase with 1 ft. of sludge on the scraper

We then calculate the percent of increase in horsepower loading
.0188 1 .5 Hp= 3.76% increase in Hp at the motor. Relating
this to scale change of .005 Hp per division the meter will move
up scale 3.76 division, (.0188 4 .005=3.76 Div.) or a total
scale deflection of 7.52%. With a normal load increase of 1 lb.
per foot on the scraper in a 50 ft. clarifier the torque analyzer
will go up scale 3.76 divisions or 7.52%.
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